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A B ST R A C T
A new  m o d e l  f o r  tw o -b o d y  h ig h  e n e r g y  s c a t t e r in g  i s  p r e s e n t e d  as  p a r t  of an i n v e s t i g a t io n  in to  th e  p h e n o m e n o lo g i  
of the  n o n  p l a n a r  s t r u c t u r e  of R e g g e o n - p a r t i c l e  s c a t t e r in g .  T h e  m o d e l  is  a m o d i f i c a t io n  of the  w e a k  cu t  r e g g e iz  
fo r  P i o n -N u c le o n  s c a t t e r i n g  and  i s  d ev e lo p e d  in f o r m  of a c o r r e l a t i o n  m o d i f i e d  q u a s i  e ik o n a l  w h e r e  the R eg g e o n  
n u m b e r  of P o m e r o n s  a r e  a l low ed  to  ch ang e  th e  p r o j e c t i o n  of the  n u c le o n  sp in . A c o r r e l a t i o n  p a r a m e t e r  - the  ' 
h a s  i t s  o r ig in  in G r ib o v ' s  th e o r y ,  p r o v id e s  an  in d ic a t io n  abou t the  f a i l u r e  o f the  t r a d i t i o n a l  w e a k  c u t  r e g g e i z e d  a 
and  r e s t o r e s  i t s  m o s t  p ro fo u n d  s h o r tc o m in g  - the  p r e d ic t i o n  of an i n c o r r e c t  p h a s e  b e h a v io u r  of the  h e l i c i t y  isovi
a m p l i tu d e  in th e  r e a c t io n  H p  Y\ - w h i le  r e t a in i n g  th e  m o d e l ' s  a t t r a c t i v e  s im p l ic i ty .  T h e  v e r t i
R e g g e o n - c a l c u lu s  d e p e n d  in g e n e r a l  on th e  an g le  b e tw e e n  the  m o m e n ta  of the  ex c h a n g e d  r e g g e p o l e s .  By p a r a m e  
d e p e n d e n c e  we ta k e  in to  a c c o u n t  th e  e f f e c t iv e  c o n t r ib u t io n  of i n e l a s t i c  i n t e r m e d i  a te  s t a t e s  in the  u n i t a r i t y  exp am 
R e g g e - p a r t i d e  s c a t t e r in g  a m p l i tu d e .  We ob ta in  a r e a s o n a b l e  p h a s e  e n e r g y  d e s c r ip t i o n  of the  i s o v e c t o r  a m p l i  
d e m o n s t r a t e  in d e ta i l  the  m e c h a n i s m  by  w h ic h  th e  c o r r e c t  p h a s e  b e h a v io u r  i s  r e s t o r e d .  T h e  s p i n - s t r u c t u r e  of 
i s  i n v e s t i g a t e d  and  o b s e r v a b l e s  of TTN s c a t t e r i n g  b e tw e e n  6 and 200 G e V / c  w i th in  a r a n g e  of m o m e n tu m  t r a n s f e  
a r e  b e in g  p ro d u c e d .
( i ü )
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n o t  h a v e  en jo y ed  th e  w o rk  a s  m u c h  a s  I did .
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C O N T E N T S
A BSTR A C T
P R E F A C E
I INTRODUCTION
P c
( ü
( i i
P A R T  O N E  - T H E O R E T I C A L  D I S C U S S I O N  10
II T H E  R EG G EO N  AND PO M E R O N  C O N T RIBU T IO N  TO T H E  S -C H A N N E L
H E L IC IT Y  A M P L IT U D E  O F  T H E  P R O C E S S  A + C B + D 11
III G RIB O V 'S  R EG G EO N  DIAGRAM TEC H N IQ U E  22
III. 1 G r ib o v 's  E v a lu a t io n  of th e  M a n d e l s ta m  D i a g r a m  -
the  B a s i s  of the  R e g g eo n  D ia g r a m  T e c h n iq u e  22
III. 11 T h e  R eg g e  P a r t i c l e  S c a t t e r in g  A m p li tu d e  32
III. I l l  G r ib o v  R u le s  fo r  the  " R a l e i g h - S c h r o d i n g e r " P e r t u r b a t i o n
T h e o r y  38
IV A C O R R EL A TIO N  M ODIFIED  E IK O N A L  M O D E L  45
T H E  "D ERIV A TIV E R U L E "  A P P L IE D  T O  T H E  C O R R EL A TIO N  
M O DIFIED  WEAK A BSO R PTION  M O D E L  WITH
(A )  T R A D IT IO N A L  PO M E R O N  I N P U T , AND
(B) HART L E Y -K A N E  P O M E R O N  INPUT 73
Pa
P A R T  T W O  - P H E N O M E N O L O G I C A L  I N V E S T I G A T I O N
VI A DISCUSSION O F THE MECHANISM BY WHICH THE C O R R EL A TIO N
M O D IFIE D  A B SO R PTIO N  M O DEL R E C T IF IE S  THE IN C O R R E C T  PH A SE
BEHAVIOUR P R E D IC T E D  BY TRA D IT IO N A L  R E G G E IZ E D  A B S O R P T IO N  7
VI. 1 T h e  C r o s s in g  S y m m e t r ic  W eak C ut R e g g e iz e d  A b s o r p t io n  M odel
a s  a S p ec ia l  C a s e  of the  G r ib o v  Cut 8
VI. 11 T he  G r ib o v  C u t  R e p r e s e n t e d  a s  V e c to r  in the  A rg a n d  D i a g r a m  10
VI. Il l  S e v e r a l  M odel V a r i a n t s  T o w a r d s  the  Solu t ion  of the  P h a s e
P r o b l e m  of th e  H e l ic i ty  N onflip  I s o v e c to r  A m p li tu d e  12
VI. 111.1 M odel V a r ia n t  l a  - P u r e l y  R e a l  C o r r e l a t i o n  M odel 12
VI. 111. 2 M odel V a r ia n t  lb  -  C o m p le x  C o r r e l a t i o n  M odel a s  a C r o s s in g
S y m m e t r y  V io la t ing  Solut ion  to the P h a s e  P r o b l e m  of the
H e l ic i ty  N onflip  I s o v e c to r  A m p l i tu d e  12
VI. 111. 3 P u r e l y  R e a l  and N eg a t iv e  C o r r e l a t i o n  M odified  M o d e ls  as  a
C r o s s in g  S y m m e t r y - P r e s e r v i n g  Solu t ion  to the P h a s e  P r o b l e m  14
VI. 111. 4 A P h a s e  E n e r g y  D e s c r i p t io n  of IT P  ^  a t  6 G e V / c  and
F N A L  E n e r g i e s  w ith  a Good P r e d i c t i o n  of both  I n e l a s t i c  and
E la s t i c  P o l a r i z a t i o n  of |l N S c a t t e r in g  ( M odel V and M odel \T )  . 16
VII SO M E P U R E L Y  R E A L  AND P O S IT IV E  C O R R E L A T IO N  M ODIFIED  M ODELS 18
VII. I T h e  L a r g e  P o m e r o n  P h a s e  M odel 18
VII. I. I T h e  Z e r o  R e s id u e  V e r s io n  (M odel VII) IS
VII. 1.2  T h e  N o n - Z e r o  R e s id u e  V e r s io n  (M odel VIII) 18
l i
VIII T H E  C O R R E L A T IO N  M ODIFIED  "D E RIV A TIV E  R U L E "  M O D E L
(M O D E L  IX) IS
IX AN IN T E R P R E T A T IO N  O F  T H E  N E G A T IV E  SIGN O F  T H E
C O R R EL A TIO N  P A R A M E T E R  2(
X AN O U TLO O K  TOW ARDS A U NIFIED  D E S C R IP T IO N  O F  .
HADRONIC TW O -BO D Y  IN T ER A C T IO N S
2C
XI A P P E N D IX
XII R E F E R E N C E S
à I -
I -  IN T R O D U C TIO N
T h e r e  is  o v e rw h e lm in g  e v id e n c e  (l) th a t  the s i m p l e  p o w e r  law  e n e r g y  b e h a v io u r  p r e d i c t e d  by the  R e g g e  fo rm u  
e n e r g i e s  i s  a good  a p p r o x i m a t io n  to  the  r e a l  w o r ld  o f  tw o bo d y  s c a t t e r i n g .  A p a r t i c u l a r l y  s t r i k i n g  e x a m p le  c 
b e e n  p ro v id e d  by th e  r e c e n t  d a ta  f r o m  F e r m i l a b  (2) on the  P io n  N u c le o n  c h a r g e  e x c h a n g e  r e a c t i o n  T T ~ p -^ ’ïï 
20 a nd  200 G e V /c .  T h e  e f f e c t iv e  J - p l a n e  s i n g u l a r i t y  m o v e s  on an on ly  s l ig h t ly  c u r v e d  t r a j e c t o r y  w h ich  a p p r  
e x c e l l e n t ly .  T h e  d a t a ,  h o w e v e r ,  show  a s m a l l  b u m p  a t  th e  n o n s e n s e  w ro n g  s i g n a t u r e  z e r o  (NWSZ) a ro u n d  / t  
and  th e  s l ig h t  d e v ia t io n  f r o m  a s t r a i g h t  l in e  f u r t h e r  out in / t /  a r e  the  m i ld  r e f l e c t i o n s  of c o r r e c t i o n  t e r m s  to 
po le  e x c h a n g e .  T h e s e  c o r r e c t i o n s  a r i s e  a s  c u ts  in th e  c o m p le x  a n g u la r  m o m e n tu m  p la n e  (3). T h e y  a r e  t r a d  
by  m e a n s  of a v e r s i o n  o f  th e  a b s o r p t io n  m o d e l  (4). W ith in  s u c h  an a p p r o a c h  one u n d e r s t a n d s  th a t ,  in the  c a :  
th e  r e l a t i v e  s i z e  of the  h e l i c i t y  n o n f l ip  c o m p a r e d  to  th e  po le  n e e d s  to be p a r t i c u l a r l y  l a r g e  to  a c c o u n t  fo r  the  ; 
p a r t  of th e  h e l i c i t y  non  f l ip  i s o v e c t o r  a m p l i tu d e .  In a d d i t io n ,  th i s  z e r o  h a s  to o c c u r  b e f o r e  the  z e r o  of the  re 
a m p l i tu d e  w i th  s u f f i c i e n t  s e p a r a t i o n  so  a s  to  a c c o u n t  fo r  the  c o r r e c t  p h a s e  s t r u c t u r e  w h ic h  is  m a n i f e s t  in the 
o f  th e  r e c o i l  n u c le o n  in T T ^ p — fS).  N on e  of th e  t r a d i t i o n a l  a b s o r p t io n  m o d e l s  c a n  a c c o u n t  fo r  
f e a t u r e s  of the  da ta .
C u ts  h a v e ,  d ue  to  t h e i r  s m a l l e r  s lo p e  ( ^  c { f  ) th e  t e n d e n c y  to " ta k e  o v e r "  f u r t h e r  out in / t /  and aC U t O O L6
( L a c k  o f  s h r in k a g e ) .  T h e  m i ld  d e v ia t io n  of th e  e f f e c t iv e  t r a j e c t o r y  f r o m  a s t r a i g h t  l ine  c o n s t i t u t e s ,  t h e r e f o r e  
On th e  o th e r  h a n d ,  7]— i s d o m in a te d  by the  h e l i c i t y  f l ip  a m p l i tu d e  and  c u ts  in th i s  a m p l i t u d e  a 
r e l a t i v e l y  w ea k .  T h e  h e l i c i t y  fl ip  a m p l i tu d e  h a s  a l l  th e  f e a t u r e s  of a NWSZ p o le  (5) up  to / t /  ^  . 6. B e y o n d  t 
r i s e  and  fa l l  of the  s y m m e t r i c  p a r t  o f  th e  e l a s t i c  p o l a r i z a t i o n  (6) in TTN s c a t t e r i n g  s e e m s  to  im p ly  a r a t h e r  
k e y  r o l e  in th e  d e t e r m i n a t i o n  of e l a s t i c  a s  w e l l  a s  i n e l a s t i c  p o l a r i z a t io n  of TT N s c a t t e r i n g  i s  p la y e d  by  the  p 
a m p l i t u d e ,  i. e. the  fu l l  e l a s t i c  a m p l i tu d e .  U n fo r tu n a te ly  t h i s  p h a s e  i s  unknow n aw ay  f r o m  f o r w a r d  d i r e c t i o r  
of th e  p h a s e  i s  th e  m a j o r  s o u r c e  o f  u n c e r t a i n t y  in an  o th e r w i s e  m o d e l - i n d e p e n d e n t  a m p l i t u d e  a n a ly s i s .  T h u s  
f o r  i s  to  o b ta in  a  s e l f  c o n s i s t e n t  d e s c r i p t i o n  o f  th e  TTN s y s t e m  by  c o n s t r u c t i n g  s i m u l t a n e o u s l y  th e  i s o s c a l a r  a: 
a m p l i tu d e .  .
4  c u t
2 -
T h e  e l a s t i c  a m p l i tu d e  e n t e r s  the  a b s o r p t io n  m o d e l  in fo rm  of s t ro n g  d o m in a n t ly  e l a s t i c  r e s c a t t e r i n g  in th e  i 
s t a te .  T h is  is  su p p o s e d  to  e f f e c t iv e ly  ta k e  a c c o u n t  of the m a n y  c o m p e t in g  in e l a s t i c  c h a n n e l s  w h ich  open up 
"h ea d  on c o l l i s io n s  ". T h e  e l a s t i c  a m p l i tu d e  r e p l a c e s ,  in the  h igh  e n e r g y  a p p r o x im a t io n  o f the a b s o r p t io n  r 
and f in a l  s t a te  w ave  fu n c t io n s  of a c o m p le x  o p t i c a l  p o te n t i a l  w h o se  im a g i n a r y  p a r t  is  m e a n t  to s i m u l a t e  th e  « 
pe t in g  c h a n n e l s .  T h i s  h ig h  e n e r g y  v e r s i o n  of the  d i s to r t e d  -w av e  B o rn  a p p ro x im a t io n  of low e n e r g y  nucLea 
i n t ro d u c e d  by S opkovich  (7) and h a s  b een  ap p l ie d  s u c c e s s f u l ly  to  c o r r e c t  the too e x a g g e r a t e d  p e a k  c lo s e  to  h 
and  the  too slow f a l l - o f f  w ith  m o m e n tu m  t r a n s f e r  p r e d i c t e d  by  the  p e r i p h e r a l  o r  o n e - p a r t i c l e  e x c h an g e  modi 
p ro d u c t io n  of qua  s i - tw o -b o d y  r e a c t i o n s .  (8). N o te  th a t  in the  O P E  m o d e l  the  co u p l in g s  a r e  c o n s t a n t  and thi 
f a c t o r s  fo r  th e  co u p lin g s  in the  B o rn  a p p ro x im a t io n  e x a c t ly  s i m u l a t e s ,  a t  f ixed  e n e r g i e s ,  the  e f f e c ts  o f absc
T r a d i t i o n a l ly  the  e l a s t i c  a m p l i tu d e  h a s  b e en  tak en  f r o m  e x p e r i m e n t ,  e q u a l  in i n i t i a l  and f in a l  s t a t e s ,  d iagon  
im a g i n a r y  w ith  no  / t /  d e p e n d e n t  p h a s e  and h a s  b e en  p a r a m e t e r i z e d  by a G a u s s i a n ,  T h is  p r o d u c e s  the  d e s  
a p p e a r s  as  a g r e y  a b s o r b in g  d is c  r e d u c in g  the  lo w e r  p a r t i a l  w a v e s  and le av in g  the  h ig h e r  o nes  u n a f f e c te d ,  v 
s h a r p e n s  the f o r w a r d  p e a k  of the  / t /  d i s t r i b u t io n .
A b s o rp t io n  and  r e g g e i z a t i o n  of the O P E  m o d e l  h a s  le d  the  I m p e r i a l  C o l leg e  g ro u p  to c o n s t r u c t ,  in c c n n e c t io  
s t ro n g  ex ch ang e  d e g e n e r a c y  and co u p lin g s  w h ich  a r e  d e t e r m i n e d  by a h ig h e r  s y m m e t r y  s c h e m e :  a v e r y  ci
p a r a m e t e r - f r e e  r e g g e i z e d  w e a k  cu t  a b s o r p t io n  m o d e l  fo r  M e s o n - B a r y o n  s c a t t e r i n g  w ith  c o n s i d e r a b l e  p re d ic  
e t  a l  (4). A lthough  th is  m o d e l  h a s  f a i le d  to  p r e d i c t  the  c o r r e c t  p h a se  b e h a v io u r  of the i s o v e c to r  h e l i c i ty  
NWSZ input of the  b a s i c  e x ch an g e  s e e m s  to be s t ro n g ly  s u p p o r te d  by th e  F N A L  d a ta .
T h e  w e a k  cu t  a b s o r p t io n  o r i g in a l ly  p r o p o s e d  by  C o h e n -T a n n o u d j i  e t  a l . and A rn o ld  e t  al. (4) h a s  q u a l i t a t iv e ly  
p o la r i z a t i o n  in —^TT'Kl Its  q u a n t i ta t iv e  p r e d i c t i o n ,  h o w e v e r ,  is d r a s t i c a l l y  w ro n g .  T h e  r e a s o
s t r e n g th  and w ro n g  p h a s e  of the  c u t  a m p l i tu d e .  A b s o rp t io n  is e s s e n t i a l l y  a convo lu t ion  in m o m e n tu m  t r a n s  
NWSZ in p u t  po le  c h a n g e s  s ign  in the  re g io n  of in t e g r a t io n  t h e r e  w i l l  be a c a n c e l l a t i o n  in the  i n t e g r a l  and the 
l i tu d e  w i l l  ten d  to be s m a l l .  It i s  in f a c t  too s m a l l  to  o b ta in  the  z e r o  of th e  i m a g in a r y  p a r t  o f the i s o v e c to r  
a m p l i tu d e  w h ic h  is  m u c h  f u r t h e r  in w a rd s  in / t /  th an  p r e d i c t e d  by the  p u r e  NW SZ po le .  If one w e r e  to inti 
s t r e n g t h  f a c t o r  to  p u l l  the  z e r o  f u r t h e r  in ,  th i s  w ould  c o m p le te ly  d e s t r o y  th e  a l r e a d y  d i s p la c e d  dip p o s i t ion .
a z e r o  in th e  i m a g i n a r y  p a r t  i m p l i e s ,  due to the  w ro n g  cu t  p h a s e ,  a n e a r b y  z e r o  of the  r e a l  p a r t .  B u t  to 
p o l a r i z a t i o n  of th e  z e r o  of th e  i m a g in a r y  p a r t  h a s  to o c c u r  b e f o r e  the  r e a l  one an d  bo th
s u f f i c i e n t ly  en ou gh  a p a r t .
T h e  l a c k  of s t r e n g t h  of the  w e a k  cu t  m o d e l  in o th e r  r e a c t i o n s  su c h  a s  p) — and fy] p )—? p /]  is  a l s o  
t h e o r e t i c a l  s i d e ,  the  in tu i t iv e  b a s i s  o f the  S o pk ov ich  f o r m u la  h a s  le ad  to s e r i o u s  d o u b ts .  T h i s  c o n c e r n s ,  
t r u n c a t i o n  of r e s c a t t e r i n g  in the  in i t i a l  and f in a l  s t a t e s  to o n - m a s s  s h e l l  s t a t e s .  T h e  w e a k  a b s o r p t io n  mo; 
the  c o n t r ib u t io n  of i n e l a s t i c  d i f f r a c t i v e  i n t e r m e d i a t e  s t a t e s .  T h e s e  i n t e r m e d i a t e  s t a t e s  a r e ,  h o w e v e r ,  a c 
s - c h a n n e l  u n i t a r i t y .  F u r t h e r m o r e ,  the  v e r y  e x i s t e n c e  of c u ts  is  due  to the  p r e s e n c e  of th e  t h i r d  o r d e r  do 
fu nc t io n .  T h e s e  fu n c t io n s  c a u s e  f ixed  po le  s i n g u l a r i t i e s  a t  w ro n g  s i g n a t u r e  p o in t s  f o r  th e  p a r t i a l  w av e  a r  
c a n n o t  b e  m a d e  to  v a n i s h  by a s u p e r  c o n v e r g e n c e  r e l a t i o n .  T h e s e  f ix ed  p o le s  . w ou ld ,  due  to u n i t a r i t y ,  be 
e s s e n t i a l  s i n g u la r i t y  v io la t in g  the  F r o i s s a r t  bound w e r e  i t  n o t  fo r  cu ts  s p e c i a l l y  invoked  fo r  th e s e  r e a s o n s  
p r e v e n t  th i s  h a p p en in g .  In th e  p r e s e n c e  of the  t h i r d  o r d e r  do u b le  s p e c t r a l  fu n c t ion  i t  i s  n o t  u n l ik e ly  th a t  t 
o c c u r r i n g  f ixed  p o le s  a r e  s t r o n g  and  e n t e r  the  R e g g e  r e s i d u e s  m u l t i p l i c a t i v e ly .  T h e y  then  w ou ld  c a n c e l  tl 
u n s t r u c t u r e d  p o le  a m p l i tu d e .
In c o m b in in g  b o th  p o in ts  of v ie w ,  n a m e l y  the  n e c e s s i t y  to i n c o r p o r a t e  the  i n e l a s t i c  d i f f r a c t iv e  i n t e r m e d i a t e  
f a c t o r  A  and the  a b s e n c e  of NWSZ in the inpu t  p o le ,  the  M ich ig an  g ro u p  H e n y ey  e t  a l  (4) h av e  c o n s t r u c t e  
a b s o r p t io n  m o d e l  and a l s o  s u c c e s s f u l l y  f i t t ed  a g r e a t  a m o u n t  of d a ta .  In p a r t i c u l a r  the  d ip  s t r u c t u r e  o f  the 
is  now  b e in g  p r o d u c e d  by  p o l e - c u t  i n t e r f e r e n c e .  T h e  p o l a r i z a t i o n ,  h o w e v e r  , h a s  b e en  e q u a l ly  as  w r o n g ly  j 
cu t  m o d e l .  T h e  r e l a t i v e l y  l a r g e  s t r e n g t h  of th e  M ich ig an  cu t  a c tu a l ly  once  p ro d u c e d  the c r o s s o v e r  po s i t i i  
p a id  fo r  w ith  o v e r  a b s o r p t io n ,  w h ic h  cou ld  be r e s t o r e d  by e ik o n a l iz a t io n  (9) ,  w h i le  lo s in g  the  c r o s s o v e r  p
T h e  f a i l u r e  o f t r a d i t i o n a l  a b s o r p t i o n - i r r e s p e c t i v e  w h e th e r  w e a k  o r  s t r o n g  - to a c c o u n t  fo r  p o s i t i v e  p o l a r i z a  
(bo th  v e r s i o n s  r e s u l t  in an a p p r o x i m a t e ly  90% n e g a t iv e  p eak )  h a s  s t im u la t e d  a g r e a t  n u m b e r  o f s u c c e s s f u l  p 
w i th  and w i th o u t  NWSZ in p u t  p o le s  ( 10). D e s p i t e  t h e i r  d i f f e r e n t  a p p e a r a n c e  th e y  a l l  h av e  one f a c t o r  in cor  
c o m p l e t e l y  ad  hoc  a n d .c o n s i s t s  e s s e n t i a l l y  in a b ro a d e n in g  of th e  J - p l a n e  d i s c o n t in u i ty  due to the  ad d i t io n  o 
J - p l a n e  s i n g u l a r i t y ,  a c i r c u m s t a n c e  w h ic h  led  t h e s e  m o d e l s  in to  s t r o n g  c o n f l ic t  w ith  d u a l i ty .  (11c', ) D u a l i ty  
p r o p e r t y  o f  two body  a m p l i tu d e s ,  i s  d e f in i t e ly  a p r o p e r t y  of ^  e x c h a n g e .  T h e  z e r o  of th e  i m a g i n a r y  ]
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a m p l i t u d e  a l r e a d y  o c c u r s  in the  lo w e r  e n e r g y  r e s o n a n c e s .  A l l  p h a s e  m o d i f i e d  m o d e l  a m p l i t u d e s  w hen  F I  
c o m p a r e  w ro n g ly  in  t h e i r  / t /  d e p e n d e n c e  w ith  the p h a s e  sh i f t  F E S R  in t e g r a l .  I r o n ic a l ly  the  on ly  a l t e r n a t !  
s c h e m e  -  B a r g e r  and  P h i l l i p s ' p  po le  m o d e l  (12) -  h a s  p r e d i c t e d  p o s i t i v e  N i n e l a s t i c  p o l a r i z a
s y m m e t r y  o f  e l a s t i c  77 N p o l a r i z a t i o n , though  n o t  th e  doub le  zero . It is  in e x c e l l e n t  a g r e e m e n t  (13) w i th  the 
and  in a d d i t io n  is  c o m p a t ib l e  w i th  F E S R  and l o c a l - a v e r a g e  d u a l i ty .  (11 a}
P o l a r i z a t i o n  g e n e r a t e d  by  tv/o d i f f e r e n t  t r a j e c t o r i e s ,  h o w e v e r  c h a n g e s  r a p i d ly  w i th  a f ixed  p o w e r  of the  e 
in the c a s e  of a cu t  th i s  p o w e r  is  p r o p o r t i o n a l  to the  m o m e n tu m  t r a n s f e r  c o n s e q u e n t ly  r e s u l t i n g  in a m i ld  1 
w ith in  th e  r a n g e  of the  d i f f r a c t io n  cone .  Tli e Ÿ  m o d e l ,  in f a c t ,  c h a n g e s  the  s h a p e  of the  p o la r i z a
th a t  a l r e a d y  a t  18 G e V /c  i t  sh o w s  the  te n d e n c y  to a p p r o a c h  the  u n w a n ted  s h a p e  of th e  a b s o r p t io n  m o d e l ,  (9' 
r e s o n a n c e s  have  y e t  b een  i d e n t i f i e d  a long  the  t r a j e c t o r y  c a u s e s  f u r t h e r  d o u b t  ab o u t  the  v a l i d i ty  o f sui
a l th o u g h  i t  s e e m s  to s e r v e  a s  a s u r p r i s i n g l y  good p a r a m e t e r i z a t i o n .
T h e  c i r c u m s t a n c e  th a t  a t  an e a r l y  s t a g e  o f  the  d e v e lo p m e n t  of the a b s o r p t io n  m o d e l  the  in t ro d u c t io n  of s trc  
f a c t o r s  in to  the  B o rn  t e r m  of the  O P E  m o d e l  cou ld  s i m u l a t e  e x a c t ly  the e f f e c t  of a b s o r p t io n  shcv /s  how sen 
e m p i r i c a l  f a c t o r s  in o r d e r  to su i t  a f i r s t  in tu i t iv e  g u e s s  . On the t h e o r e t i c a l  s id e  t h e r e  is  the  n e c e s s i t y  to 
a b s o r p t io n  m o d e l  c o n t r ib u t io n s  f ro m  in e l a s t i c  d i f f r a c t i v e  i n t e r m e d i a t e  s t a te s ' ,  on th e  p h e n o m e n o lo g ic a l  si 
r e g g e i z e d  a b s o r p t io n  m o d e l  i s  too w e a k  and h a s  a w ro n g  p h a s e  and e n e r g y  b e h a v io u r .  A s o u r c e  of s t r e n g  
a v a i l a b le  by the  M ich ig a n  a p p r o a c h  th r o u g h  a v ag u e  e n h a n c e m e n t  c o e f f ic ie n t  in co n n e c t io n  w ith  an u n fa v o u r  
c e l l in g  th e  NWSZ in the  R eg g e  po le  a m p l i tu d e .  A ll  p h a s e  m o d i f i e d  m o d e l s  h a v e  ta u g h t  us  th a t  the  im a g in  
h e l i c i t y  n o n f l ip  i s o v e c t o r  e x c h a n g e  sho u ld  be m o r e  a b s o r b e d  than  the r e a l  p a r t .  T h i s ,  a s  w e s a w ,  how eve 
w i th  d u a l i ty .  T h e  F N A L  d a ta  on th e o t h e r  han d  s u g g e s t  th a t  the e n e r g y  d e p e n d e n c e  of c u ts  sh o u ld  be r a t h e r
T h e  r e s u l t  of a c l o s e r  e x a m in a t io n  in to  the  o r ig in  of the  p h a s e  p r o b l e m  m a y  b e  s u m m a r i z e d  in the  two m a j  
t r a d i t i o n a l  a b s o r p t io n  cut:
(1) the  r e l a t i v e  cu t  p o le  p h a s e  is  too  c lo s e  to  180° a t  / t /  0
( 2 ) a l th o u g h  the  a b s o r p t iv e  c u t  r o t a t e s  w i th  i n c r e a s i n g  / t /  a w a y  f r o m  the  p o le ,  i t  d o e s  so  too slow]
by  c o m p a r i s o n  w i th  the  f a s t  fo l low ing  p o le .  T h u s ,  th e  po le  c a t c h e s  up  w i th  th e  c u t  a t  th e  c r i t i i
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p h a s e  d i f f e r e n c e  of 180° a l r e a d y  a t  v e r y  s m a l l  / t /  and t h e r e  i t  c a u s e s  the  p o l a r i z a t i o n  
to ch an g e  i t s  s ig n  f r o m  p o s i t iv e  to n e g a t iv e .
A s th e  p h e n o m e n o lo g ic a l  in v e s t ig a t i o n  p e r f o r m e d  in th i s  t h e s i s  h a s  sho w n ,  i t  is  p o s s ib l e  to o b ta in  a r« 
d e s c r i p t i o n  of -7^ — ^  —y  TT®n in c lu d in g  the  e l a s t i c  p o l a r i z a t i o n  of T T ^ p  s c a t t e r i n g  b y  s i m u l a t i n  
of the  i n e l a s t i c  i n t e r m e d i a t e  s t a t e s  in the fo l low ing  way;
(1) T h e  s i z e  of th e  e f f e c t iv e  i n t e r a c t i o n  r e g io n  of the  R e g g e o n  in v o lv e d  in the  c u t  h a s  to  s h r in k
c o n s i d e r a b l y  s m a l l e r  v a lu e  in c o m p a r i s o n  w i th  the  s i z e  of the  R e g g e o n  in the  B o r n  t e r m ,  
s a m e  h o ld s  fo r  the  e l a s t i c  a m p l i tu d e .
(2) . In a d d i t io n ,  the  ' e l a s t i c  a m p l i tu d e  h a s  to  h a v e  a / t /  d e p e n d e n t  p h a s e ,
( 3 ) At l a s t  t h e r e  is  an  o v e r a l l  d a m p in g  f o r m  f a c t o r  w h ic h  r e n o r m a l i z e s  the  s h a p e  of the  cu t.
T h e  co m b in e d  e f f e c t  o f  th i s  p r e s c r i p t i o n  on the  p h a s e  -  w h i le  k e e p in g  the  a t t r a c t i v e  NW SZ -  i s  th a t :
(1) T h e  c u t  is  s t r e n g th e n e d  in f o r w a r d  d i r e c t i o n
( 2 ) T h e  in i t i a l  p h a s e  an g le  a t  / t /  = 0 h a s  b e e n  r o t a t e d  in a n t i - c l o c k w i s e  d i r e c t i o n  r e s u l t i n g
in a p u r e l y  i m a g i n a r y  cu t  t e r m ,
(3 ) T h e  c u t ' s  t r a d i t i o n a l  s low  r o t a t i o n  b e c o m e s  a c c e l e r a t e d .
T h e  n ew  cu t  i s  now  a b le  to  r e v e r s e  the  s e n s e  of r o t a t i o n  of th e  h e l i c i t y  n o n f l ip  po le  so  s t r o n g ly  th a t  the 
p a r t  of the  a m p l i tu d e  m o v e s  in to  the  v ic in i ty  of the  a c tu a l  c r o s s  o v e r  p o s i t io n .
W hen e x t r a p o la t in g  the  a m p l i t u d e s  to  F N A L  e n e r g i e s  one can  s t a b i l i z e  the  h e l i c i t y  n o n f l ip  p h a s e  an g le  v 
c o n s i d e r a b l y  s t a b le  p o l a r i z a t i o n  o v e r  a w id e  r a n g e  in e n e rg y .  B y do ing  th i s  the  l o g a r i t h m i c  e n e r g y  de 
d e n o m i n a to r  v a n i s h e s .  T h i s  p r o m i s e s  a g r e e m e n t  w i th  du a l i ty .  In f a c t ,  th e  p h a s ç  m o d i f i c a t io n  h a s  nol 
by b r o a d e n in g  the  T -p lane  s i n g u la r i t y  s t r u c t u r e  b u t  by e n h an c in g  the r a t i o  b e tw e e n  the s lo p e  of the  " P o r  
and  the  e f f e c t iv e  i n t e r a c t io n  s i z e  w h ic h  r e s u l t s  in a l a r g e r  p h a s e  and  g r e a t e r  s t r e n g t h  o f  th e  cut.  T h e  t
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p r o b l e m s  f u r t h e r  out in / t /  and fo r  l a r g e  e n e r g i e s  r e m a i n ,  h o w e v e r ,  c a u s in g  a s lo w e r  f a l l  off of the d i f f e r e n t i a l  c r o s  
and a s p r e a d  b e tw een  bo th  e f fe c t iv e  t r a j e c t o r i e s  a t  6 and 200 G e V /c .  T h a n k s  to  the  NWSZ p o le ,  h o w e v e r ,  the  d i s c r  
is  n o t  so  s e v e r e  a s  i t  o th e r w i s e  w ould  be.
T h is  p r o c e d u r e  of m od ify ing  the  cu t  so un ds  a s  ad hoc  a s  m a n y  m o d i f i c a t io n  a t t e m p t s  of th e  p a s t .  B u t  a g r e a t  d e a l  of it 
d i s a p p e a r s  i f  w e s e e  i t  in c o n n ec t io n  w ith  G r ib o v 's  t h e o r y ,  f r o m  w h ich  i t  e m e r g e s  q u ite  n a tu r a l l y .  G r ib o v 's  t h e o r y  
a s  the m o s t  g e n e r a l  f r a m e  fo r  the  w ho le  s t ro n g  i n t e r a c t io n  p h y s i c s .  I ts  b a s i c  a s s u m p t io n  is  the a b s e n c e  of s in g u la r  
f o r c e s .  T h i s  c o n v e rg e n c e  p r o p e r t y  in co n ju nc t ion  w ith  a n a ly t ic i ty  led  to G r ib o v 's  R e g g eo n  d i a g r a m  te c h n iq u e  (14).
T h e  fu n d a m e n ta l  p o s tu la t e  in co n n ec t io n  w ith  m u l t i p e r i p h e r a l  k in e m a t i c s  w h ich  g o v e rn s  the  m u l t i p a r t i c l e  p ro d u c t io n  
bound  up in the  tw o -b o d y  a m p l i tu d e  th ro u g h  u n i t a r i t y ,  g e n e r a t e d  a two d im e n s i o n a l  f ie ld  t h e o r y  of h igh  e n e r g y  and sm  
t r a n s fe r  r e a c t i o n s .
T h e  fo l low ing  p i c t u r e  of two body s c a t t e r i n g  e m e r g e d ;  D u r in g  the s c a t t e r i n g  p r o c e s s  the two co l l id in g  h a d r o n s  ac t  
s in k  to p ro d u c e  and  a b s o r b  r e s p e c t i v e l y  the e n e r g y  m o m e n tu m  of R e g g e o n s  in fo rm  of q u a s i  p a r t i c l e s .  T he  R eg g eo n s  
e a c h  o th e r  w h ile  they  d i f fu se  o v e r  one t im e  and  two s p a c e  d im e n s io n s .  T h e  su m  o v e r  a l l  su c h  in t e r a c t io n  d i a g r a m s  i 
of th e  n o n - r e l a t i v i s t i c  th e o r y  fo r  a s y m p to t i c  e n e r g i e s .  E a c h  d i a g r a m  c o r r e s p o n d s  to a t e r m  in a R a  l e ig h -S c h rb d in j  
e x p a n s io n  of the  a m p l i tu d e  in p o w e r s  o f ( Ins)   ^ . T h e  r u l e s  fo r  e v a lu a t in g  the  d i a g r a m s  a r e  r e m i n i s c e n t  of F e y n m a
C o m p o s i t e n e s s  e n t e r s  the th e o r y  - e m p h a s i s in g  i t s  m u l t i p e r i p h e r a l  o r ig in  v ia  u n i t a r i t y  w hen  the  co l l id in g  h a d r o n s  f 
c o n s t i t u e n t s  in a c a s c a d e  of d e c a y s .  T h e  in t e r a c t io n  of the  c o r r e s p o n d in g  c o n s t i t u e n t s  f ro m  bo th  h a d r o n s  c a u s e s  the 
p ro d u c t io n  of m u l t i p e r i p h e r a l  s h o w e r s  w h ich  c o r r e s p o n d  in t u r n  to  the  e x c h a n g ed  r e g g e o n s .  F o r  c la r i f i c a t i o n  of G r i  
of the  s im u l ta n e o u s  c o n t r ib u t io n  of m u l t i p e r i p h e r a l  and d i f f r a c t iv e  i n t e r m e d i a t e  s t a t e s  to the tw o  body a m p l i tu d e  we r 
e x h a u s t iv e  exfposit ion  by B a k e r  and T e r - M a r t i r o s y a n  (15), a r i c h  e n c y c lo p a e d ia  of r e g g e o n  d i a g r a m s  w h ic h  a w a i t  ' st 
p h e n o m e n o lo g ic a l  im p l i c a t i o n s .
G r ib o v 's  R e g g eo n  d i a g r a m  te c h n iq u e  (14) can  in d e e d  s e r v e  a s  a p o w e r fu l  too l in p r a c t i c a l  c a lc u la t i o n s  fo r  v a c u u m  and
n u m b e r  ex ch an g e  a t  a t t a in a b le  e n e r g i e s .  T h e  v e r t i c e s  of the  th e o r y  a r e ,  h o w e v e r ,  unknown and a r e  ex p e c te d  n o t  to
b e c a u s e  of t h e i r  n o n - p l a n a r  n a tu r e .  T h e s e  v e r t i c e s  d e s c r i b e  t r a n s i t i o n s  b e tw een  e x t e r n a l  p a r t i c l e s  and  r e g g e o n s ,  c
and r e g g e o n s .  T h e  d i a g r a m s  of the  e x p a n s io n  of th e  s c a t t e r in g  a m p l i tu d e  h av e  b een  s y s t e m a t i c a l l y  c o m p u te d  by T e i
- 1
s e l e c t i n g  th e  im p o r t a n c e  of t h e i r  c o n t r ib u t io n s  w h ich  h av e  b een  d e t e r m i n e d  a c c o rd in g  to p o w e r s  of ( l a s )  .
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T h e  p h en o m en o lo g y  of tw o -b o d y  r e a c t i o n s  in v e s t ig a te d  by m e a n s  of u n e n h a n c e d  d i a g r a m s  h a s  b een  p e r f o r m ;  
T e r - M a r t i r o s y a n  and c o l l a b o r a t o r s .  (18) A G a u s s i a n  m o d e l  of the  two p a r t i c l e  -4  s e v e r a l  re g g e o n  t r a n s i  
a l lo w ed  fo r  a c lo s e d  e ik o n a l  e x p r e s s i o n  of the  s c a t t e r in g  a m p l i tu d e .  A m o r e  g e n e r a l  ex p o n e n t i a l  p a r a m e t e ;
h o w e v e r ,  though  c o n s i d e r e d  by T er-M aÆ iro sy an  h a s  n o t  y e t  b een  c a r r i e d  out.
T h e  s u c c e s s  w i th  w h ic h  G r ib o v 's  r e g g e  o n - d i a g r a m  tech n iq u e  h a s  b een  ap p l ie d  in the  e ik o n a l  a p p ro x im a t io n  t 
s y s t e m  is  v e r y  im p r e s s i v e .  T h e  re g io n  of a p p l i c a b i l i t y  in / t /  of the  m o d e l ,  h o w e v e r ,  is  l im i te d  to  the  d i f f r
m a n i f e s t  in i t s  f a i l u r e  to c o m p a r e  w ith  the e x p e r i m e n t a l  d a ta  in the fo l low ing  t h r e e  c a s e s  -
(1) In e l a s t i c  p o la r i z a t io n  of IT  "* ^0 9
T h e  e ik o n a l  o r  o p t i c a l  a p p ro x im a t io n  v b i c h  h a s  no  e x t r a  p a r a m e t e r  than  the one as  a l r e a d y  in t rc  
R eg ge  po le  (w ith ou t  N W S Z ) g e n e r a t e s  a t  11 G e V / c  a n e g a t iv e  65% sp ik e  a ro u n d  / t /  = . 6, w h e r e a s  
c o m p a t ib le  w i th  v a n is h in g  p o la r i z a t io n .  T h i s  l a r g e  n e g a t iv e  sp ike  is  a ls o  c h a r a c t e r i s t i c  f o r  a l l
LiS)
a b s o r p t io n  m o d e l s ,  i r r e s p e c t i v e  of w h e th e r  th ey  a r e  w e a k  o r  s t ro n g .  G lebov  e t  a l  inc lu d e  in the 
c a lc u la t i o n s  h o w e v e r  the ^  *0 cu t  and g iv e  the  P o m e r o n  po le  a s lo pe  of p = .6 .  A :
th e  p o m e r o n  o b ta in ed  in th i s  w ay  h e lp s  to im p ro v e  the p o la r i z a t i o n  ( s e e  a l s o  (19)) su ch  th a t  i t  do*
s ign  b e f o r e  / t / ^  , 4 and  a g r e e s  w i th  the  d a ta  fo r  / t /  . 4. T h e  c o n t r ib u t io n  of the ^
h o w e v e r  d e c r e a s e s  r a p i d ly  w i th  i n c r e a s i n g  e n e r g y  and the  m o d e l  p r e d i c t s  f o r  200 G e V / c  a v e r y  
p o la r i z a t io n  up to / t /  — . 2. T h e  p o l a r i z a t i o n  c h a n g e s  s ign  and d ro p s  r a p i d ly  to i t s  90% sp ik e  a 
i s  in c o n t r a s t  to vh a t  th e  d a ta  a t  low e n e r g y  le a d  u s  to  ex pec t .
(2) E l a s t i c  p o l a r i z a t io n  o f  T\ ~  jp ~ P
T h e  m o d e l  f a i l s  to p ro d u c e  the  doub le  z e ro .  T h e  p o l a r i z a t i o n  c h a n g e s  s ign  i n s te a d  and g ro w s  ii
(3) E l a s t i c  and in e l a s t i c  d i f f e r e n t i a l  c r o s s  s e c t io n
B o th  c r o s s  s e c t io n s  a r e  too s m a l l  in m a g n i tu d e  fo r  / t / J ^ .  6 in p a r t i c u l a r  th e  e l a s t i c  one ,  w h ic h  < 
m in im u m  a t  / t /  ~  I. 2 in c o n t r a s t  to  the  d a ta ,  and th e  i n e l a s t i c  u n d e r e s t i m a t e s  the d ip  a t  / t /  — .
In a d d i t io n ,  th e  g ro w th  of to t a l  c r o s s  s e c t io n  a t  S e rp h u k o v  e n e r g i e s  w a s  n o t  p r e d i c t e d  by the o p t i c a l  m o d e l .
A c o r r e c t  d e s c r ip t i o n  o f  to t a l  c r o s s  s e c t io n  fo r  v a r i o u s  tw o -b o d y  p r o c e s s e s  a t  S e rp h u k o v  e n e r g i e s  w a s  a chi*
a l  (20) w i th  m o d i f ie d  e ik o n a l  a p p ro x im a t io n  by tak in g  a c c o u n t  of th e  fo r m a t i o n  o f  p a r t i c l e  b e a m s  in the  in t e r i
su c h  sh o w e r  c o r r e c t i o n s  to the  e ik o n a l  app rox im a  t io n ,  the  s o - c a l l e d  q u a s i - e i k o n a l  m o d e l*  (21) cou ld  acco u r  
in e n e r g y ,  w h i le  the  "old p r o b l e m s "  in / t /  of Tf N s c a t t e r in g  s t i l l  r e m a in .
A c lo s e  a n a ly s i s  by  E r e m y a n  (22) of the  s t r u c t u r e  of the TT N s c a t t e r i n g  a m p l i t u d e s  d e m o n s t r a t e d  th e  im] 
a  c o r r e c t  d e s c r ip t i o n  of b o th  h e l i c i t y  a m p l i t u d e s  of the  i s o v e c to r  e x ch an g e  w i th in  the  f r a m e  of the  q u a s i  -e i l  
m o d i f i c a t io n  of the  q u a s i - e ik o n a l  m o d e l , * *  E r e m y a n  (23) h a s  g iven  a s u c c e s s f u l  d e s c r ip t i o n  of the TTN sy s  
r a n g e  up to  / t /  = 2. 00 (G e V /c )^ .  T h e  m o d i f i e d  q u a s i - e ik o n a l  m o d e l  i n t r o d u c e s  in p a r t i c u l a r  a s low  / t /  dej 
sh o w e r  e n h a n c e m e n t  c o e f f ic i e n ts  in co n n e c t io n  w ith  a m o r e  c o m p le x  p a r a m e t e r i z a t i o n  of the P , P '  and ^
T h e  p r e s e n t  t h e s i s  d e s c r i b e s  a f u r t h e r  m o d i f i c a t io n  o f  the  q u a s i - e ik o n a l  m o d e l  by  g iv ing the G r ib o v  v e r t i c e  
ex p o n e n t ia l  p a r a m e t e r i z a t i o n ,  as  h a s  b e e n  s u g g e s te d  by T e r - M a t i r o s y a n  (16,18). T h i s  then  c o r r e s p o n d s  
p r e s c r i p t i o n  fo r  the  m o d i f i e d  a b s o r p t io n  cu t  and t a k e s  in to  a c c o u n t  the  e f fec t iv e  c o n t r ib u t io n  of In e l a s t i c  in) 
o p t i c a l  a p p ro x im a t io n  t r e a t s  m u l t i p le  s c a t t e r in g  a s  the in d ep en d e n t  r e - s c a t t e r i n g  of the  co l l id in g  h a d r o n s  o 
s t r u c t u r e .  W e , h o w e v e r ,  show th a t  th i s  in d e p e n d e n c e  is  r e s p o n s i b l e  fo r  t h e p o o r  d e s c r ip t i o n  of the  p h a s e  
i s o v e c t o r  a m p l i tu d e .  G r ib o v 's  a n a ly s i s  o f the  M a n d e l s ta m  cu t  i rh p l i e s  th a t  th e  d i f f r a c t iv e ly  d i s s o c i a t e d  ha 
m u tu a l ly  c o r r e l a t e d  e x c h an g e  of the  r e g g e o n s .  T h e  v e r t i c e s  a r e  non  p l a n a r .  T h e y  a llow  f o r  the t e m p o ra r y  
h a d r o n s  and  depen d  on the  an g le  b e tw een  th e  m o m e n ta  of the r e g g e o n s  e x ch an g ed  by th e  c o n s t i t u e n t s ,
A G r ib o v  v e r t e x  in the  se co n d  o r d e r  u n e n h a n c e d  d i a g r a m  c o r r e s p o n d s  to the  t - c h a n n e l  p a r t i a l  w av e  a m p l i tu  
p a r t i c l e  - p a r t i c l e  »^ reggeon-regge on and i s  the  r e s id u e  of the  f ixed  p o le  a t  th e  f i r s t  n o n s e n s e  w ro n g  s ig n a tu re  
p u tt in g  th e  r e g g e o n s  on th e i r  m a s s  sh e l l .  T h e r e  e x i s t s  a s u p e r - c o n v e r g e n t  su m  r u l e  th ro u g h  w h ich  the  ve: 
a s  a c o n t o u r - i n t e g r a l  o v e r  the  c o r r e s p o n d in g  a b s o r p t iv e  p a r t  of the  o f f - m a s s - s h e l l  p a r  t ic  l e - r e g g e  on s c a t t e :  
a p p r o p r i a t e  sub  e n e rg y  p lane .
T h e  f i r s t  a p p ro x im a t io n  of the  r e g g e o n - p a r t i d e  s c a t t e r i n g  a m p l i tu d e  by i t s  B o rn  t e r m  e s t a b l i s h e s  the  l in k  t 
e ik o n a l iz e d  a b s o r p t io n  m o d e l .  In d eed ,  the  f i t s  to the p ion  -n u c le o n  s y s t e m  p r o d u c e d  by  th e  f i r s t  g e n e ra t io n  
the  r e g g e o n - d i a g r a m  te c h n iq u e  to  tw o -b o d y  p h e n o m e n o lo g y  a r e  v e r y  s i m i l a r  to th o s e  of the e ik o n a l  m o d e l .
« Q E M  
** M Q EM
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As w e s e e  E ik o n a l /A b s o r p t io n  fo l low s  a s  a s p e c i a l  c a s e  f r o m  G r ib o v ' s  R e g g eo n  d i a g r a m  te c h n iq u e  w h e r e  G r i l  
h y p o th e s i s  is  r e a l i z e d ,  w hen one r e p l a c e s  the  coup ling  c o n s t a n t s  by  tw o body f o r m  f a c t o r s  w h ich  a llow  fo r  the 
up of the  co l l id in g  p a r t i c l e .  T h i s  p r o d u c e s  a c u t  off p r e v e n t in g  l a r g e  m o m e n ta  f r o m  t r a v e l l i n g  a c r o s s  the  d ia  
l i m i t  e ik o n a l  and R e gg eon  c a lc u lu s  c o r r e s p o n d  to the s a m e  p h y s i c a l  p i c t u r e  o f co l l id in g  h a d r o n s  w h ic h  s c a t t e r  
e a c h  o t h e r ' s  i n t e r n a l  s t r u c t u r e .  T h i s  a m o u n ts  f o r m a l l y  to G la u b e r  s c a t t e r i n g  of n u c le i  (24). T h is  f o r m a l  an 
s c a t t e r i n g  s u g g e s t s  an e x te n s io n  of the e ik o n a l  m o d e l :  h e r e  th e  n th  o r d e r  t e r m s  o f  a G la u b e r  e x p a n s io n  of th
i s  ta k e n  b e tw e e n  n u c le i  (c o m p o s i t e  h a d ro n s )  in p o w e r s  of the n u c le o n -n u c le o r t  ( q u a r k - q u a r k )  s c a t t e r i n g  a m p l i t  
f a c t o r s  a r e  c h a r a c t e r i z e d  by  in t e r n a l  w av e  fu n c t io n s  and c o r r e s p o n d  to  a k e r n e l  in t ro d u c e d  in to  the  n th  o r d e r  
T h e  n u c le o n - n u c le o n  ( q u a r k - q u a r k )  s c a t t e r in g  a m p l i tu d e  c o r r e s p o n d s  to the  R e g g eo n  p r o p a g a t o r s .  F o r m a l R  
p h y s i c s  one could  r e g a r d  su c h  an e x ten d e d  e ik o n a l  a s  the  m u l t i p le  s c a t t e r i n g  e x p a n s io n  of an o p t i c a l  p o te n t i a l  
of a n u c l e a r  c o r r e l a t i o n  func t ion .  (2 5) W h e r e a s  in f i r s t  o r d e r  th e  t a r g e t  r e m a i n s  in i t s  g ro u n d  s t a t e  d i r e c t l y  
n u c l e a r  d e n s i ty  n e x t  to the  e l e m e n t a r y  n u c le o n - n u c le o n  s c a t t e r in g  a m p l i t u d e ,  in h ig h e r  o r d e r  i t  e x p e r i e n c e s  r 
e x c i t a t i o n s .  W hen in h ig h e r  o r d e r  the  t a r g e t  h a s  b e e n  l i f ted  out of i t s  g ro u n d  s t a te  a f t e r  the  f i r s t  e n c o u n te r ,  
e s t a b l i s h e s  the co n n ec t io n  w ith  th e  f in a l  s c a t t e r in g  in th a t  p a r t i c u l a r  h ig h e r  o r d e r  and  a l lo w s  fo r  the  n u c l e u s  ' 
s t a t e .  T h e  c lo s u r e  a s  the  su m  o v e r  a l l  e x c i t e d  n u c l e a r  s t a t e s  i s  r e l a t e d  to the  m a n y  body  c o r r e l a t i o n  fun c t i  
f o r m  f a c to r .
T h e  c o r r e s p o n d e n c e  b e tw een  G r ib o v  and q - n u m b e r  G la u b e r  s c a t t e r i n g  h a s  b e e n  s t r e s s e d  by  L o v e la c e  (26) and 
f u t u r e  p h e n o m e n o lo g y .  We h av e  l i s t e d  th e  in g r e d i e n t s  of G r i b o v ' s  m u l t i p le  s c a t t e r i n g  ex p a n s io n  and  r e l a t e d  
d i f f e r e n t  a p p r o a c h e s  and c o r r e s p o n d in g  t e r m s  f r o m  n u c le i  s c a t t e r in g .
P a r t i c l e s  . N u c le i
(1) H a d ro n  N u c le u s
(2) C o n s t i tu e n t  e. g. q u a r k ,  p a r to n  N u c leo n
(3) G r ib o v  v e r t e x  i. e, im p a c t  f a c t o r  (27), f ix ed  p o le  r e s i d u e ,  . G e n e r a l i z e d  f o r m  f a c t o r
V en e z ia n o  fixed  po le  r e s id u e  (26) ,  F o u r i e r  t r a n s f o r m  of int<
D is p e r s io n  ( s u p e r c o n v e r g e n t )  su m  ru l e  of a b s o r p t iv e  p a r t  JL
of R e g g e - p a r t i c l e  s c a t t e r in g  (28), in co n n e c t io n  w i th  H a d ro n  v ie w e d  a s  n o n - r e
G r ib o v - M ig d a l  r e g g e o n  u n i t a r i t y  con d it io n  (29) bound  s t a t e  and due to co
. F e y n m a n  i n t e g r a l  o v e r  M a n d e l s ta m  c r o s s  (14) su m  o v e r  th e  in f in i te  nurr
E v a lu a t e d  h a r m o n ic  o s c i l l a to r  m a t r i x  e le m e n ts :  s t a t e s  (30)
p a r t i t i o n  fun c t io n s  of two d im e n s i o n a l  C o u lo m b  g a s e s
(4) R eg g eo n  p r o p a g a t o r  (\j N u c le o n -n u c l e o n  s c a t t e r s
'i
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O u r  p h e n o m e n o lo g ic a l  p u r p o s e s  a r e  to tak e  in to  a c c o u n t  th e  e f f e c t iv e  c o n t r ib u t io n  of the  i n e l a s t i c  i n t e r m e  
th e  w ro n g  p h a s e  of the  cu t  p r e d i c t e d  by the  a b s o r p t io n  m o d e l .  We t h e r e f o r e  in c lu d e  th e  m u t u a l  o r i e n t a t i o  
m o m e n ta  of th e  r e g g e o n s  by  r e l a t i n g  th e  G r ib o v  v e r t e x  to  th e  h a d r o n i c  q u a r k - a n t i q u a r k  o s c i l l a t o r  m o d e l  c 
P a g n a m e n t a  (30). We do th is  by  e x p r e s s i n g  the  G r ib o v  v e r t e x  p r o d u c t  a s  a c o r r e l a t i o n  k e r n e l  p a r a m e t e r  
r e p r e s e n t a t i o n .  T h e  c o r r e l a t i o n  p a r a m e t e r  -  th e  "G r ib o v  c" -  c o r r e s p o n d s ,  i f  i n t e r p r e t e d  in the  qcj modi 
o r  f lu c tu a t io n  le n g th ,  w h ic h  g iv e s  the  a v e r a g e  s e p a r a t i o n  of th e  q u a r k s .  W e h a v e ,  h o w e v e r ,  found  th a t  
p h a s e  s u i ta b ly  and p ro d u c e  the  p o l a r i z a t i o n  o f  U T' th e  G r ib o v  c b e c o m e s  p e r s i s t e n t l y  a n e ga t
o b s c u r e s  the r e l a t i o n  to the  o s c i l l a t o r  leng th .  T h i s  im p l i e s  th a t  w h en  R e g g e o n  and  P o m e r o n  p o le s  a r e  b: 
■ cu t  t h e i r  r a n g e  i s  s h r in k in g  by  c o m p a r i s o n  to  th e  s in g le  ex c h a n g e d  p o le s .  T h e  s h r in k in g  of r a n g e  i s  th e n  
th e  p h a s e  of th e  h e l i c i t y  n o n f l ip  i s o v e c t o r  am p l i tu d e ;  i t  r e v e r s e s  the  s e n s e  o f  r o t a t i o n  a ro u n d  th e  o r ig in  
d i a g r a m .  T h e r e  a r e ,  on the  o th e r  h a n d ,  two e s s e n t i a l l y  d i f f e r e n t  m o d e l s  w h ic h  a c tu a l ly  p r o d u c e  an exce 
O ne of t h e s e  m o d e l s  a s s u m e s  a p o le  r e s i d u e  z e r o  a t  th e  c r o s s o v e r  p o s i t io n .  T h e  o th e r  c h o o s e s  a l a r g e  r  
F o r  b o th  m o d e l s  the  c h a s ,  to a g r e a t e r  o r  l e s s e r  e x te n t ,  on ly  a  c o s m e t i c  e f f e c t  in the  s e n s e  th a t  i t  f o r c e  
a g r e e m e n t  b u t  i t  i s  n o t  r e s p o n s i b l e  fo r  the  c h a n g e  of th e  p h a s e . ^  F o r  th o s e  m o d e l s  c i s  p o s i t i v e ,  how eve: 
b y  th e  o s c i l l a t o r  len g th .  F o r  th i s  r e a s o n  w e  do n o t  i n t e r p r e t  c. W e m e r e l y  s t a t e  t h a t  i t  i s  the p a r a m e )  
e f f e c t iv e  c o n t r ib u t io n  f r o m  in e l a s t i c  i n t e r m e d i a t e  s t a t e s .  Any an a lo g y  to n u c l e a r  p h y s i c s  can  on ly  h e lp  
iz a t io n  f o r  th e  G r ib o v  v e r t i c e s .  I t  w i l l ,  t h e r e f o r e ,  co m e  a s  n o  s u r p r i s e  th a t  th e  to t a l l y  d i f f e r e n t  w o r ld  
l e a d s  to p a r a m e t e r  v a lu e s  w h ic h  a r e  in c o n t r a d ic t io n  to  t h e i r  n o n - r e l a t i v i s t i c  c o u n t e r p a r t s .
•■4^  L u t  dec,
10 a -
P A R T  ONE
T H E O R E T IC A L  DISCUSSION
-  I l  -
II - T H E  R EG G EO N  AND PO M E RO N  CONTRIBUTION TO T H E  S-CHv^^JiNEL H E L IC IT Y  A M P L IT U D E  
OF TH E  P R O C E S S  A + C B + D
W hen s tu dy in g  h a d ro n ic  i n t e r a c t i o n s  a t  h ig h  e n e r g i e s  w i th  h a d ro n s  m a d e  up of c o n s t i t u e n t s  one c h o o s e s  a p p ro  
m o m e n tu m  f r a m e  IM F ( 31 ). In su c h  a f r a m e  of r e f e r e n c e  the  h a d ro n  m o v e s  w i th  n e a r l y  th e  sp e e d  of l ig h t  j 
e f f e c t  f r e e z e s  the  i n t e r n a l  m o t io n  of the  c o n s t i tu e n ts .  We t h e r e f o r e  d e c o m p o s e  ( 28 ) th e  fo u r  m o m e n ta  of th 
th e  p r o c e s s  A + C B + D in to  lo n g i tu d in a l  and t r a n s v e r s e  c o m p o n e n t s
\^/i III ' °^s. and the  t r a n s v e r s e  c o m p o n e n ts  a r e  of th e
r g y  s q u a r e d  ^  j^C  ^  P '  ^ ^  ^  ^  w i th  and the  fo u r  m o m e n ta  of the
-  t  = —
T h e  lo n g i tu d in a l  co m p o n e n ts  a r e  l a r g e  
th e  t o t a l  c. m . ene 
T h e  fo u r  m o m e n tu m  t r a n s f e r  is
In th e  IM F  one h a s  
w i th  th e  R eg geo n  m o m e n ta  k
in  th e  e x ch an g e  d i a g r a m  of  f ig .  1
f i g - 1
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i s  two d im e n s i o n a l  and  is  g iven  by  th e  s u m  of the  t r a n s v e r s e  c o m p o n e n t s  of th e  i n i t i a l  and f in a l  t h r e e  m o m  en
p A  -  ^  P / 'i  1 | c , t )w i th
T h i s  s i tu a t io n  i s  d e m o n s t r a t e d  in  fig. 2
a) S c a t t e r in g  of A + C  ^  B + D in th e  in f in i te  m o m e n tu m  f r a m e
b) One can  a lw ay s  p u t  th e  a z im u th a l  ang le  eq u a l  to  z e r o  su ch  th a t  th e  s c a t t e r in g  t a k e s  p la c e  in th
T h e  r e l a t i o n  b e tw e e n  th e  r e l a t i v i s t i c  i n v a r i a n t  s c a t t e r in g  a m p l i tu d e  and the  c e n t r e  of m a s s  s c a t t e r i n g  am plitv
M  -  —  H C e . i ® }
-  13 -
■with and P th e  t h r e e  d im e n s i o n a l  in i t i a l  and f in a l  m o m e n tu m ,  E  th e  t o t a l  e n e r g y  and  © th e
T h e  d i f f e r e n t i a l  c r o s s  s e c t io n  in the  c. m .  s y s t e m  r e a d s  then
C a i , - t -
w i th  the  s o l id  an g le  in  the  c. m ,  s y s t e m ,  s ,  and  s_ a r e  th e  sp in s  of th e  co l l id in g  p a r t i c l e s .
R e p la c in g  th e  c. m .  s c a t t e r in g  a m p l i tu d e  by  the  in v a r i a n t  a m p l i tu d e  w e  ob ta in  the i n v a r i a n t  d i f f e r e n t i a l  c r o s s
V
M )
O u r  n o r m a l i z a t i o n  f a c t o r  N i s  c o n s e q u e n t ly  N = 1 w h e re u p o n  the  o p t i c a l  t h e o r e m
r e a d s
C=J(L\jjc
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We h av e  u s e d  the  i s o s p in  d e c o m p o s i t io n  fo r  TT N s c a t t e r in g
T -  — >  s -  j  °ï\ T  ' 1 1  
M C  ^ ^
w ith  the  in d e x  0 deno tin g  i s o s c a l a r  and 1 i s o v e c to r  ex chan ge .
T h e  f o r m a l i s m  w i l l  en a b le  u s  to  c o n s t r u c t  fo r  the TT N s y s t e m  in p r i n c i p a l  the i s o s c a l a r  a m p l i tu d e  by 
and  th e  i s o v e c to r  am p l i tu d e  by
H -  S’ + -f 4 4 .
w h e r e  ^  I ^  P  d e n o te  P o m e r o n , P '  and <P R eg g e  p o le s  r e s p e c t iv e ly .  s y m b o l i s e s  the cu t
th e o r y  R e g g e - R e g g e c u t s  shou ld  in  c a s e  of '% -p)—  ^St b e  c a n c e l l e d  due to  F m k e l s t e i n ' s  s e l e c t io n  r u l e s
-  15 -
We d en o te  a g e n e r a l  i s o s p in  s - c h a n n e l  h e l i c i t y  am p l i tu d e  by
/vnCb;
|V |,
w ith  the  h e l i c i t i e s  of the  e x t e r n a l  p a r t i c l e s  yt ^ A ^ ^  ^  is  the to t a l  m o m e n tu m  t r a n s f e r  ^  "
w h e r e  is  the  j t h  R eg g e o n  m o m e n tu m  su c h  th a t  f o r  the  B o r n  t e r m  w e h av e  A -s ^
F u r t h e r  w e  h av e
in d i c a te s  the  o v e r a l l  n e t  h e l i c i ty .  It i s  a func t ion  of the  n e t  h e l i c i t i e s  f r o m  the  c o n t r ib u t io n  of the  in dh  
e x c h a n g e s  w i th  ^  j ) i .  -  A  | witt .  \  ,  L  ' A  a n d  >  ,  \
^  in d ic a te s  that th e  j th  R eg g eo n  h a s  n e t  h e l i c i t y  nonf l ip
yC| '  TT I n e t  h e l i c i t y  f l ip  /c,
T h e  s u m  o v e r a l l  n e t  h e l i c i t i e s  I  “ ^  ^ d e f in e s  the  o v e r a l l  n e t  h e l i c i t y  in ^ P )  s u c h  th a t
to the  n e t  h e l i c i t y  non f l ip  to t a l  a m p l i tu d e  is  o b ta in ed  w hen  an even  n u m b e r  of p o l e s  c h ang e  the  p r o j e c t i o n  of th 
an odd n u m b e r  p r o d u c e s  a c o n t r ib u t io n  to th e  n e t  h e l i c i t y  n on f l ip  to t a l  a n p  l i tude .
T h u s  m (p  = even) = 0 and m (p=  odd) = 1
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We o b ta in  th e  m e s o n - n u c l e o n  h e l i c i t y  a m p l i tu d e  fo r  the s in g le  s c a t t e r in g  of the ^  po le  and  an a r b i t r a r y  n u m  
by the  P o m e r o n .  T h e r e  is  g row ing  c o n f i rm a t io n  (5) th a t  the i s o s c a l a r  a m p l i tu d e  is  n o t  d ia g o n a l  in h e l i c i t y  s 
n o t  c o n s e r v e  h e l i c i t y .  I t  is  fo r  th i s  r e a s o n  th a t  w e  allow th e  v a c u u m  po le  to ch an g e  th e  p ro j e c t i o n  of the nuc
We d e c o m p o s e  any  a m p l i tu d e  in a h e l i c i t y  no n f l ip  and h e l i c i t y  fl ip  c o n tr ib u t io n  in d i c a te d  by 0 and 1 r e s p e c t i v e l yH - h
w h e r e
A
and  the  p o la r i z a t io n  v e c t o r  is  p e r p e n d i c u l a r  to the  s c a t t e r in g  p lan e  fig. 2b and p o in ts  a long  the
j u i
We w r i t e  down the  p r o p a g a t o r  of the  r e g g e  po le  and th e  P o m e r o n  P  (P ' ) .  T h e y  d i f fe r  in so f a r  a s  w e a s s
f ix ed  p o le  in i t s  r e s i d u e  su f f ic i e n t ly  s t ro n g  to c a n c e l  the  p r e s e n t  n o n s e n s e  w ro n g  s i g n a tu r e  z e r o  (NWSZ) w h e r  
su c h  a f ix ed  p o le .  We a c c o m p l i s h  th e  r e g g e i z a t io n  of the  F e y n m a n  p r o p a g a t o r  fo r  the  e l e m e n ta r y  p a r t i c l e  ex 
the  r e p l a c e m e n t ;  ^
•J d . ' i jto I, - J J }
■wheveoL  - J  a t  th e  p o l e ' t  = and  f  -is th e  s i g n a tu r e  a r e  the m a s s e s  of the  e x t e r n a l  p a r t i c l e  and n
e x c h a n g e d  p a r t i c l e ,  s is  the  to t a l  c. m .  e n e r g y  s q u a r e d  and s^  the  e n e rg y  s c a l e  f a c to r  t r a d i t io n a l ly  ch osen  
s in c e  any  o th e r  ch o ic e  is  e q u iv a le n t  to  the  in t ro d u c t io n  of an e x p o n e n t ia l  f a c t o r  in to  the  r e s id u e .  ( A  is  the
-  17 -
s i g n a tu r e  f a c t o r
fa l l in g  w i th  / t /  and  ex ch an g e  d e g e n e r a t e  o r  o th e r w i s e  m a s s  f o r m u l a  c o n s t r a i n t  v ia
i n t e r c e p t  o f  th e  t r a j e c t o r y  su c h  th a t  ^
T h e  R e g g e iz a t io n  is  due  to the  ex p a n s io n  of 1 Ï  ^  a T a y lo r  s e r i e s  ab o u t  "A p lu s  ins
I 4  ^ k - _______________ and the  e n e r g y  f a c t o r  ^ 4  ^ 4  -  ^  ^  "j
0 ^ ' i
I 3
n o t in g  th a t  th e  s i g n a tu r e  and  P  f a c to r  a r e  u n i t  a t  4^^ (fo r  h igh  e n e r g y  the m a s s e s  of the  fo u r  p;
i r r e l e v a n t )  w e  s e e  th a t  t h i s  r e l a t i o n  is  e x a c t  a t  the  po le  T h e  C e l l  Mann g h o s t  e l im in a t in g  m e c h a n i s
by m a k in g  th e  r e p l a c e m e n t
— —  =  r c o ^ ;  r c i - o ^ ;
oL
and  d iv id in g  by )  fo r  n a t u r a l  p a r i t y  e x c h an g e  ( f  * } * ^  w h e r e  is  the  i n t r i n s i c  i
F o r  n a t u r a l  p a r i t y  e x c h an g e  —( j "  0  w e m a k e  th e  r e p l a c e m e n t  —" ~ f  C
and  d iv id e  t h r o u g h  T / /  | 4.^^ )
In th e  c a s e  of - ^  e x c h an g e  w e ob ta in
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T h i s  a g r e e s  w i th  the  R e g g e l im i t  of the V en ez iano  f o r m u la  if  the  coup lin gs  a r e  c o n s ta n t .
T h e  p o le s  o f the  G a m m a  func t ion  a r e  a t  0 and n e g a t iv e  i n t e g e r  v a lu e s ,  h e n c e  th e r e  a r e  only  p o le s  in the  r e s o n  
n o t  in  the  s c a t t e r i n g  re g io n  T h is  r e s e m b l e s  the  p r o p a g a t o r  of the  one p a r t i c l e  ex ch an g e  me
T h e  f i r s t  po le  a t  j • In the s c a t t e r in g  re g io n  the  G a m m a  fu nc t io n  can  be  a p p r o x i m a t e d  by ,  le t  us  sa
F o r  s i m p l i c i t y ,  h o w e v e r ,  w e  u s e  only one.
T h e  s ig n a tu r e  f a c t o r  g iv e s  a z e r o  a t  in t e g e r  v a lu e s  o f w h ich  c o r r e s p o n d  to  w ro n g  s i g n a tu r e  p o in ts  (val
th a t  ( 2 -  ( J  T h i s  m e a n s  th a t  in the  r e s o n a n c e  re g io n  p o le s  o c c u r  on a t r a j e c t o r y  in s t e p s  ^
w h e r e ^ - ^  I -z th a t  is  to sa y  fo r  the  ^  po ie  w ith  ^  / a t  1,3  e tc .  T h e  w ro n g  s i g n a tu r e  zer<
s in c e  t h e n j  s  | i . e .  the  w ro n g  s i g n a tu r e  . T h e s e  z e r o s  a r e ,  s in c e  th ey  o c c u r  in
r e s p o n s i b l e  fo r  the  d ip  s t r u c t u r e  of th e  d i f f e r e n t i a l  c r o s s  s e c t io n  -  a t r i u m p h  fo r  the  NWSZ R eg g e  p o le .
We s e p a r a t e  the  t -d e p e n d e n c e  in the  r e g g e  e n e r g y  f a c t o r
s i n c e  w e  a r e  in the  s c a t t e r in g  re g io n  w e h ave  t  = - / t /  a lw ay s .
T h e  G a m m a  fu nc t ion  w e p a r a m e t e r i z e  fo r  co n v e n ie n c e  j u s t  by one e x p o n e n t ia l  ( t h e r e  a r e  no  p o le s  n o r  z e r o s  i
r O - o ^ O O J  ^  '  Ür/Ü
We s p l i t ,  f o r  c a lc u la t i o n a l  r e a s o n s  ( p e r fo rm in g  th e  c u t )  the  n e g a t iv e  s i g n a tu r e  f a c to r  ^  C tH j  •=- j — ^  
T h u s  w e  w r i t e  th e  p r o p a g a t o r  a s  ^
f  - 3 ;  1*1
w h e r e  2 j  =" ^ ^  / ' i  ~ ~~
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w ith  the  R eg g e  i n t e r a c t i o n  r e g io n  of the n o n ro t a t i n g  p a r t  -
and  the  R egg e  in t e r a c t io n  r e g io n  of the ro ta t in g  p a r t
When w e j u s t  c o n s i d e r  the  po le  a lo n e  then  i t  is  m o r e  c o n v e n ie n t  to u s e  the  h a l f  an g le  f o r m  of the  s i g n a tu r e  and w ril  
th en  fo r  the  p r o p a g a t o r  -
T -' - - W„,
We r e p l a c e  the  coup ling  c o n s t a n t  (V e n e z ia n o  l im i t )  w ith  f o r m  f a c t o r s  and w r i t e  fo r  the  ex p o n e n t i a l ly  p a r a m e t e r i z e d
fig . 3
X  > n \
-7 6  U - 1 3
-iC 't
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T h e  once  f i t t e d  v a lu e s  of the  r e s i d u e s  a r e  e x p e c te d  to be  n o t  too  f a r  a w ay  f r o m  the  v a lu e s  o f the  co u p lin g  c o n s t a n t
iji
e x t r a p o la t e d  to the  r e s o n a n c e  r e g io n  t = yr\
3tC o n s e r v a t io n  of a n g u la r  m o m e n t  u m  and p a r i t y  r e q u i r e s  the  in t ro d u c t io n  of th e  f a c t o r s  j-j- i |
w ith  ^ j j  the  n u c le o n  m a s s  in t ro d u c e d  fo r  d im e n s io n a l  r e a s o n s .  is  t r e a s u r e d  a g a in s t  the  ^  a x is
th e  p h a s e  ang le  of the  R eg geo n  m o m e n tu m  k , It i s  m e a s u r e d  in ad d i t io n  to the  c o n v e n t io n a l  R e g g e  p h a s e  w h ich  is 
a x is .  T h e  p h a s e  h ad  to be in t r o d u c e d  s in c e  the  s c a t t e r i n g  p la n e  9 ^  is  n o t  f ix ed  due  to  the  in te g ra t io i
con vo lu t io n .
W e e x p r e s s  -.the fu l l  R e g g e  po le  a m p l i tu d e  by \ 2
S'
Coj
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F o r  the  P o m e r o n  p r o p a g a t o r  on the  o th e r  hand  w e w r i t e  -
I . 0  o C ,  C k j
Q  -  — L _ l f   ( L ^
- 1
an d  s in c e
1 f  T j Z ,
w e ob ta in  f o r  the  p r o p a g a t o r  'T*^ '
=  A nr
Coi F  c  tL ' C U ) )  
^  .2
-j* c  ' -  c<i, r  c<4 )^ -  /'^/i )
ç.'^ s C‘>j) f  — ^
I "4 fp  J
v a ry in g  cos  Ç^^~c>^^ojjb
w ith
and  th e  fu l l  e x p r e s s io n  fo r  the  P o m e r o n  po le  a m p l i tu d e  r e a d s  now (w ith  the  s low  
in to  the  r e s id u e }
w
CoJ - j
-  22
III - G R IB O V 'S  R EG G EO N  DIAGRAM T EC H N IQ U E
III. 1 - G r i b o v ' s  e v a lu a t io n  of the  M a n d e l s t a m  d i a g r a m  - th e  b a s i s  of th e  R e g g eo n  d i a g r a m  te c lm iq u e ( 14 )
In G r i b o v ' s  d e t e r m i n a t i o n  of the  a s y m p to t i c  f o r m  of M a n d e l s t a m 's  d i a g r a m  the  u s e  of Sudakov v a r i a b l e s  h a s  p ro v e n  
in o r d e r  to s e p a r a t e  b e tw e en  n e g l ig ib le  and  i m p o r t a n t  i n v a r i a n t s ,  e . g .  in s e p a r a t i n g  the  e f f e c t  f o r  l a r g e  e n e r g y  and 
f r o m  the  t r a n s v e r s e  m o m e n tu m  s p a c e .  T h i s  i s  m a in ly  a c h ie v e d  by  d e c o m p o s in g  the  i n t e r n a l  m o m e n tu m  in to  a v ec  
p la n e  of l a r g e  v e c t o r s  and in to  a v e c t o r  p e r p e n d i c u l a r  to th i s  p lan e .  E q u a l ly  one can  a c h ie v e  the  s a m e  by  w o rk in g  : 
m o m e n tu m  f r a m e ,  th i s  i s  b e c a u s e  the  h a d r o n s  a r e  d e ca y in g  w h i le  th e y  a r e  m o v ing  w i th  h ig h  v e lo c i ty  and th e  G r ib o \  
the  p r o b a b i l i t y  a m p l i tu d e s  fo r  d e c a y  and r e c o m b in a t io n  w h ich  a r e  in th e  G la u b e r  p i c t u r e  an a lo g o u s  to the  w ave  func 
m o m e n tu m  f r a m e .
In o r d e r  to s u c c e e d  in p ick ing  ou t the  e s s e n t i a l  r e g i o n s  of i n t e g r a t io n ,  G r ib o v  ap p l ied  the Sudakov v a r i a b l e s  to the j: 
l e f t  and r i g h t  c r o s s  of the  M a n d e l s ta m  d i a g r a m .  F o r  l a r g e  s ,  the  two body  a m p l i t u d e s  c o m p a r a b l e  w i th  the G laube: 
s c a t t e r i n g  am p l i tu d e  w i l l  be l a r g e  b u t  w i l l  f a l l  off c o n s i d e r a b l y  f a s t  w hen  t  is  b ey o n d  th e  e x c h a n g e d  s q u a r e  m a s s .  3 
R e g g e  fea ture- ,  t h e r e f o r e  G r ib o v  f a c t o r i s e d  the two bo d y  a m p l i tu d e .  T h e s e  r e s t r i c t i o n s  p u t  h e a v y  c o n s t r a i n t s  on 
i n t e g r a t io n .  F u r t h e r  avo id ing  th a t  th e  a s y m p to t i c  co n t r ib u t io n  of the  M a n d e l s t a m  cu t  d i s a p p e a r s ,  one h a s  to  r e s t r :  
0 and  1 so the Sudakov c o n to u r s  c an n o t  b e  d i s to r t e d  to in f in i ty  b e c a u s e  th e y  a r e  p in c h e d  b e tw e e n  the  s i n g u l a r i t i e s  w l 
e i t h e r  s id e  of the  co n to u r .  One can  w o r k  th is  out by  r e p r e s e n t i n g  th e  p r o p a g a t o r  of the  l e f t  o r  r i g h t  h an d  c r o s s  b}
In app ly ing  th e  M ellin  t r a n s f o r m s  to the  G r e e n ' s  fun c t ion  of the R e g g e  p o l e s ,  one obta ins  a p a r t i a l  w av e  d e c o m p o s i t io  
fu n c t io n  "a la  S o m m e r fe ld -W  a t s o n ,  w h e r e a s  the  p a r t i a l  w a v e  a m p l i tu d e  is  e x p r e s s e d  a s  the  M ellin  po le . jqow  one ob t 
fo r  th e  a s y m p to t i c  b e h a v i o u r  of the  M a n d e l s ta m  cu t  b u i l t  up f r o m  two G r ib o v  v e r t i c e s  and two M ell in  p o le s .  Tn e G 
i n c o r p o r a t e  o u r  ig n o r a n c e  of d e c a y  and r e c o m b in a t io n  of h a d ro n s .
L e t  u s  now  look  c lo s e ly  a t  how the d o m in a n t  r e g io n  of in t e g r a t i o n  i s  p ic k e d  out. T h e  m a in  r e s u l t  w i l l  b e  th a t  th e  fin a 
M a n d e l s t a m  cu t w i l l  be  a  two d im e n s io n a l  i n t e g r a l  of the  R e g g e  p o le s  o v e r  a p la n e  p e r p e n d i c u l a r  to the  in c id e n t  mo: 
s u p p o r te d  by  o u r  in tu i t io n ,  n a m e l y  b y  im a g in in g  two in t e r a c t i n g  h a d r o n s  a t  h ig h  e n e r g y  as  two f l a t  a b s o r b in g  d i s c s ,  
a  tw o - d i m e n s i o n a l  t r a n s v e r s e  w o r ld .  We c o n s i d e r  the  two G r ib o v  v e r t i c e s  w h ic h  r e p r e s e n t  the  le f t  and th e  r i g h t  J 
th e m s e l v e s  a r e  c o m p l ic a t e d  F e y n m a n  d i a g r a m s .  We a l r e a d y  m e n t io n e d  the  co n d it ion  fo r  th e  i n t e r n a l  p r o p a g a t o r s  t 
in f in i te ly  aw ay  f r o m  t h e i r  m a s s  sh e l l .  So one o b ta in s  an i n t e g r a l  o v e r  * an d  o v e r  th e  fo u r  d im e n s i o n a l  m o m e
* s e e  n e x t  p ag e
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1 s t a n d s  f o r  the  le f t  and 2 f o r  the  r i g h t  hand  c r o s s  i = 1 ( lef t)
i = 2 ( r ig h t )
T h is  4 - d i m e n s i o n a l  m o m e n tu m  i s  d e c o m p o s e d  in to  and ^ zuid in to  the  two - d i m e n s i o n a l  t r a n s v e r s e  m o m c n
a r e  the  Sudakov v a r i a b l e s  w hen  the  m o m e n ta  a r e  e x p r e s s e d  by
' ' i  = ' " l  + P i ^ 2  +
T h e  p r o p a g a t o r  e x p r e s s e d  in th e s e  v a r i a b l e s  g iv e s  the  m a s s  c o n d i t io n s  n a m e l y  th e  4 m a s s e s  d e p e n d  on ly  on
T h e s e  a r e  the  s a m e  v a r i a b l e s  on w h ic h  the i n t e g r a n t  o v e r  o^|  ^ |3, and kj_ d e p e n d s ,  th u s  m a k in g  a  f u r t h e r  in t  
is  l e f t  w i th  a fun c t io n  w h ich  d ep en d s  only  on q and k  . S ince  the  le f t  and th e  r i g h t  han d  c r o s s  a r e  s y m m e t r i c a l  i 
o f  th e  in c o m in g  m o m e n ta  p, and , T h e s e  c o n c lu s io n s  a l s o  ap p ly  to the  r i g h t  han d  c r o s s ,  so th a t  one  is  a c tu a l  
d im e n s i o n a l  i n t e g r a l  o v e r  a s  a l r e a d y  m e n t io n e d  above .  How can  w e now u n d e r s t a n d  th a t  the  ex c h a n g e
a n a lo g o u s  to th e  p ro d u c t io n  and d e c a y  of a n o n - r e l a t i v i s t i c  q u a s i  p a r t i c l e  m o v in g  in a two d im e n s i o n a l  w o r ld  of irn] 
t i m e  d im e n s i o n ,  n a m e l y  r a p i d i t y ,  f r o m  a s o u r c e  p ro v id e d  by th e  a n n ih i la t io n  of 2 in c o m in g  h a d r o n s  to the  s in k  aga 
ou tgo ing  h a d r o n s ?
O ne can  f ind  the s in g le  p a r t i a l  w ave  e x p l i c i t ly  by  app ly ing  the  M ellin  t r a n s f o r m a t i o n  to the  a b s o r p t iv e  p a r t  of the  G 
T h i s  a b s o r p t iv e  p a r t  i s  j u s t  th e  i m a g in a r y  p a r t  of th i s  a m p l i tu d e  w h ic h  i s  f in a l ly  found by e v a lu a t in g  th e  a m p l i tu d e  
th e  cu t  w h ich  g iv e s  the  d is c o n t in u i ty .  B y  app ly ing  the  M el lin  t r a n s f o r m  to the a b s o r p t iv e  p a r t  of the  d i a g r a m  , 
the  e n e r g y  p lan e  to th e  c o m p le x  a n g u la r  m o m e n tu m  p la n e ,  t h e r e f o r e  th e  p o w e r  b e h a v io u r  of the a b s o r p t iv e  p a r t  err 
b e h a v io u r  of th e  c o m p le x  a n g u la r  m o m e n tu m .  Since  th e  R e g g e  p o le s  a r e  M el l in  p o le s  one  can  now e x p r e s s  the  pole 
a m p l i tu d e  by  the  two R eg g e  t r a j e c t o r i e s .  T h u s  th e  p a r t i a l  w a v e  am p l i tu d e  i s  obtained a s  an  i n t e g r a l  o v e r  the  two di 
m o m e n tu m  and th e  c o n to u r  w h ich  i s  p in c h e d  b e tw e e n  the  tw o M ellin  p o le s ,  h e n c e  the i n t e g r a l  d o es  n o t  d isappf
one can n o t  d i s t o r t  the  c o n to u r  to w a r d s  in f in i ty .  T h e  f o r m  found fo r  the  p a r t i a l  w av e  a m p l i tu d e  can now be  ex
fu n c t io n s  c o n s e r v in g  a n g u la r  m o m e n tu m  and " e n e r g y "  n a m e l y  the  a n g u la r  m o m e n tu m  and  e n e r g y  of the  p ro d u c e d  a: 
r e l a t i v i s t i c  p a r t i c l e s .  So G r ib o v  sho w ed  th a t  the  d is c o n t in u i ty  a c r o s s  the M a n d e l s ta m  cu t  lo ok s  v e r y  s i m i l a r  to 
o f two q u a s i  p a r t i c l e s  w i th  c o n s e r v e d  m o m e n tu m  and  " e n e r g y "  in i t s  i n t e r m e d i a t e  s t a t e s  and on i t s  m a s s  sh e l l .  c 
R e g g eo n  w ith  a n o n - r e l a t i v i s t i c  q u a s i  p a r t i c l e  one can  ta lk  abou t i t s  " m a s s "  w h ic h  is  i n v e r s e  tw ice  i t s  s lo p e  and ai;
th e  v e lo c i ty  and  f u r t h e r  on the  G r e e n ' s  fu n c t io n  f o r  i t  e i t h e r  in e n e r g y  o r  t r a n s f e r  m o m e n tu m  o r  in i t s  c o n ju g a te  v :  
p a r a m e t e r  and  r a p i d i t y  ( " t im e " ) .  T h i s  g iv e s  u s  a lm o s t  a p i c t u r e  fo r  R e g g e o n s  w h ic h  d i f fu se  a long  in sp a c e  an d  tin
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We h ave  to n o t i c e  th a t  on ly  p a i r s  of h a d r o n s  s e r v e  a s  a s o u r c e  and a s  a s in k  of p r o d u c e d  and  a b s o r b e d  q u a s i  p a r t i
s a y  th e  two G r ib o v  v e r t i c e s  g ive  the p ro d u c t io n  and a b s o r p t io n  p ro b a b i l i ty .  T h e  R e g g eo n  p r o p a g a t o r s  r e p r e s e n t  t
p r o p a g a t o r s ,  the in t e g r a t io n  is  o v e r  the  f i r s t  a n g u la r  m o m e n tu m  and the  t r a n s v e r s e  m o m e n tu m  and  e n e r g y  and  an
a r e  c o n s e r v e d .  We can  f u r t h e r  s ay  th a t  the G r ib o v  v e r t i c e s  do n o t  d ep e n d  on e n e r g y  i f  w e a r e  in th e  h ig h  e n e r g y
e s s e n t i a l  s i n g u l a r i t i e s  a p p e a r  in Sudakov v a r i a b l e s  w h ic h  a r e  of the  o r d e r  of i n v e r s e  s so  th a t  th e  i n t e g r a l  w o rk (
v e r t e x  fu n c t io n  is  i n v e r s e l y  p r o p o r t i o n a l  to s.  F u r t h e r  the  v e r t i c e s  a r e  r e a l  b e c a u s e  of the s p a c e  l ik e  R e g g e o n  j
(33)
A l t e r n a t i v e l y  to the  G r ib o v  p e r t u r b a t i o n  a p p r o a c h  to the  M a n d e l s ta m  d i a g r a m .  W h ite  d e r i v e d  th e  g en u ir
r i g o r o u s  footing.* ' . h e  ' s t a r t e d  f r o m  t - c h a n n e l  u n i t a r i t y  and p r o j e c t e d  ou t  the  p a r t i a l  w a v e  of the 4 p a r t i c l e  i n t e g r  
to  the  c o m p le x  j p la n e  b y  a h e l i c i t y  c o n to u r  in t e g r a l .  T h e  c o n to u r  g o t  p in c h e d  in the  h e l i c i t y  p la n e  b e tw e e n  th e  R e  
" n o n s e n s e  w ro n g  s i g n a tu r e  i n v e r s e  s q u a r e  r o o t  b r a n c h  p o in t s "  of the  p r o d u c t  of the s c a t t e r i n g  a m p l i t u d e s  w h ic h  1 
t - c h a n n e l  i n t e g r a l  w h ic h  in t u r n  g e n e r a t e s  a  c u t  a t  th e  m o m e n t  it  h i t s  th e  end  p o in t  o f  th e  i n t e g r a l .  H o w e v e r ,  thii 
c o m p l i c a t e d  b e c a u s e  one h a s  to t r e a t  th e  s i g n a tu r e  in v o lv ed  v e r y  c a r e f u l l y .  T h e  m a in  c o n c lu s io n  . W hit
a n a l y s i s  w a s  th a t  th i s  cut h a s  a n e g a t iv e  s ig n ,  w h ic h  w a s  a lw a y s  in tu i t iv e ly  f e l t  f r o m  th e  p h e n o m e n o l o g ic a l  p o in t  o
A b r i e f  o u t l in e  of G r ib o v ' s  m e th o d  (14)
T C p J
Ayvv^t^^Zvv'v'V'Vvvxa^—
fig.i^ T h e  M a n d e l s ta m  d i a g r a m  
e q u a l  m a s s ,  sp in le s s^  -  C  s m a l l  and  f ix ed
G r ib o v  found  a s y m p to t i c  v a lu e  f o r  s - - ^  q o
iy
b y  ap p ly in g  Sudakov v a r i a b l e s  to loop m o m e n ta :
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d e c o m p o s e  in n e r  m o m e n ta  in  p la n e  of l ig h t  l ik e  f o u r v e c to r  and sp a c e  l ik e  two v e c t o r  p e r p e n d i c u l a r  to  th i s  p lan e :
v o lu m e  of in te g ra t io n :
t r e a t  le f t  ha n d  cu t
k ;  - +  f V
h '  ' P '  -
P /  ’ h  -
L
fig .  5
p u t  c lo s e  to  m a s s  s h e l l
w i th  s i m i l a r  e x p r e s s io n  fo r  the  r i g h t  hand  cut.
= C|3-|3 C<^ ; 
cH]  ^ .  _
4- C 1 -  + ^j.)
A f te r  in t e g r a t i o n  o v e r  , th e  in t e g r a n d  s t i l l  h a s  s i n g u l a r i t i e s  in  ^  on b o th  s i d e s  of R e  d ue  to  the  in t e r s e (
f r o m  th e  t h i r d  o r d e r  ( s - o )  double  s p e c t r a l  fu n c t io n  i. e. \ ( A  )  and )  c o n s e q u e n t ly  th e  in t e g r a t io n  con toe
(''Pinch s in g u la r i ty )
- f i g  b
j LL cK %
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T h e  a s s u m p t i o n s  m a d e  a r e  - 
( 1) l a r g e  w hen  e n e r g y  l a r g e  - ^  J
Si ' C
5 ^  ■» ^  j ^ i ^  "  k  3 )
(2) M o m en tu m  t r a n s f e r  W ^ C.'l ^  H
p o ;
and  m a s s e s  -  ^ 3 ^  , Ct^^ + r y  . # ^ I
If t h e s e  v a r i a b l e s  b e c o m e  of o r d e r  s a m p l i tu d e  d e c r e a s e s  s h a r p ly  and r e g io n  i s  u n im p o r t a n t ,
R e g io n s  of i n t e r e s t ;
L p  tv H u
t’l
o i , P .
^  I
oL,  '
F r o m  t h e r e  i t  fo l lo w s  “ I S
5^ tt, 
( .1  ,  c x ' R s  - t - k /  /V k j
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F a c t o r i z a t i o n  of R e g g e  a m p l i tu d e  s - - ^  ÙP
-2  ^ G C J C  ^I )  K ^
■* C ^ j f ^ i - ~ ^ i  ^  l ^ i -  ^ i  -  ^  J  0  ^ ^ 3^y C c c ^ -
S o m m e r f e ld - W  a t s o n  G 's :  ( G r e e n ' s  fun c t io n )
otl.
-  - J  —  4  G g / c  c s - 4 ;  / =
w h e r e  ^  a r e  th e  s i g n a tu r e  f a c t o r s .
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I n s e r t  th e  G 's  in to  the F e y n m a n  i n t e g r a l  and u s e  k  = ,/v  ^ -  L )  A  -  k l  )  '
T h e  r e s u l t  of a l l  i n t e g r a t io n s  :
I #  G , , . C h V G , . C c ,t f
Ce
s i g n a tu r e  % ~  ^ ^  M el lin  p o le
- ,  J
^ )  — R e g g e o n  p r o d u c t io n  a m p l i tu d e  = G r ib o v  v e r t e x
^ ^ j c k V ) c c ) 2 , - u , ) W ; a k p k y - , - ’ X ^ i ’
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H S'it ra..fS
w ith  < %  ^
Z ' /
t - c h a n n e l  p a r t i a l  w a v e  a m p l i tu d e
Ù
1  'f
S,
-  4  1 r f r  C T ; ' ^ ' '  0 : F C < r ;
p a r t i a l  w av e  a m p l i t u d e  = M el l in  p r o j e c t i o n  x  A b s o rp t iv e  p a r t  of the  s c a t t e r i n g  a m p l i tu d e
C f ;
( A I z
r f l e  G f ,  C c ^ - k f )  1  ^ ^
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T h e  p a r t i a l  w av e  a m p l i tu d e  i s  w e l l  d e f in e d  and  a n a ly t ic  in  th e  re g io n  to th e  r i g h t  o f i t s  s i n g u l a r i t i e s
C ^ '  ^ ^ i n t e g r a t i o n s  r u n  to  the  r i g h t  o f th e  s i n g u l a r i t i e s  of and  - j - j '  i s  a n a l
the  r i g h t  of
. iS}
n t e g r a t i o n  o v e r  and  e v a lu a te d  p o le  a t  ~  ^  j _ ^
-A
f  10 7 c
(^ { i j  ^  P c  ^  d o m a in  o f  v a l i d i t y  "J j  C Q  ;
f ix e d  j  r ^  po l e  in  4  '  * / -  C C ;  r i g h t  of
s i m i l a r l y  f o r  ^
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a
A  Î -
^  A =  j + i -
now  d é f o r m a i  a ro u n d  the  p o le  in
( / A
c,
b )
^1 b e tw e e n  th e  tw o p o le s  of G
} HI
th e  s i n g u l a r i t y  f r o m  0  i s  a t  <^l ’ ’ ^  A  t )
1
^ - f  | - £ , ,
th e  s i n g u l a r i t y  f r o m  O ' i s  a t
/■"
'’J  -
M o m e n tu m  c o n s e r v a t i o n :  q  =]k^ + in  the v e r t i c e s
E n e r g y ;
E n e r g y  c o n s e r v a t i o n  :
j  + 1
j -  1 = X, - 1 +  1
On th e  o t h e r  han d  e v a lu a t in g  th e  p o le  c o n t r ib u t io n  o f  G . c
V -
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III. 11-THE R E G G E  P A R T IC L E  S C A T T E R IN G  A M P L IT U D E
G r i b o v ' s  t h e o r y  in d e e d  c o n c e n t r a t e s  the  unknow n in to  one fu n c t io n  -  i t s  G r ib o v  v e r t i c e  N . 
a m p l i t u d e  f a c t o r i z e s  due  to  the  f a c t o r i z a t i o n  p r o p e r t y  of th e  R e g g e  r e s i d u e s .
T h u s ,  l e t  u s  c o n s i d e r  the  n u c le o n  v e r t e x  of
T h e  R e g g e - p a r t i c l e
f ig . i o / -
G r ib o v  tw o -R e g g e o n  cu t
T h e  t h r e e  m o m e n t a  ^  V^o and  d e f in e  th e  s c a t t e r i n g  in  th e  ^   ^*1; p la n e  in  fig.U
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^ i g . l l  d e m o n s t r a t e s  t h a t  th e_R eg ge  p a r t i c l e  a m p l i t u d e  in f ig .  .
i s  a  fu n c t io n  o f  the  a n g le  ' ^  b e tw e e n  th e  tw o  d i m e n s i o n a l  R e g g e o n  m o m e n ta .
- 34
T h e  R e g g e - p a r t i c l e  s c a t t e r i n g  a m p l i tu d e  h a s  the s a m e  a n a l y t i c  p r o p e r t i e s  in the  s u b e n e r g y  p la n e  a s  th e  o rd in  
a m p l i tu d e .  ( 29 ) T h a t  i s  to s a y  i t  h a s  p o le s  and  c u ts  due to  th e  p r e s e n c e  of p h y s i c a l  i n t e r m e d i a t e  s t a t e s ,
th e  t h i r d  o r d e r  d o ub le  s p e c t r a l  f u n c t io n  i s  s y m b o l i z e d  b y  th e  M a n d e l s t a m  c r o s s  -
/VVVVV/VVVv^
f ig .15
s i n g u l a r i t i e s  in th e  s u b - e n e r g y  p la n e  due  to  t h i r d  o r d e r  
do u b le  s p e c t r a l  f u n c t io n  s -  u
- 35 -
( i j
N it j ' ( M ^ c  N.té Ç2^,
T h e  c o n v e r g e n c e  f o r  l a r g e  i n t e r n a l  m a s s e s  s^ = i s  r a p i d  en ou gh  th a t  one  c a n  r o t a t e  th e  c o n to u r  and  one 
th e  c o n t r ib u t io n s  f r o m  i n t e g r a n d s  o v e r  l a r g e  s e m i - c i r c l e s ,  h e n c e  -
fig .
A t A . . ,  ?"
A - '
;
N ow  l e t  u s  c o n s i d e r  the  A F S  cu t
IV
h u
fig 15
— Jo
Î. ‘
T h e  d a s h e d  l in e  d e n o te s  th a t  th e  d i s c o n t in u i ty  i s  ta k e n  th r o u g h  the  p o le  ( e l a s t i c  i n t e r m e d i a t e  s t a t e )  of th e  p r o p  
A F S  u n i t a r i t y  i n t e g r a l  then  l e a d s  to  a s p u r io u s  c u t  w i th  p o s i t i v e  s ig n  -
^  I i s  the  to t a l  sub  e n e r g y  s q u a r e d  f low ing  t h r o u g h  th e  b lo b  —
/
N
I /  , r  —o  ^
f a l l s  o ff  m o r e  r a p i d ly  th an  ‘w hen  t
I
T h e  R e g g e  r e s i d u e s  p o s s e s s  p o le s  an d  b r a n c h  p o in t s  in  th e  sub  e n e r g y  p la n e  s^. T h e  v e r t i c e s  d e p e n d  on t h e i r  s. 
w hen  Sj i n c r e a s e s .  T h e  v e r t i c e s  a r e  cu t  a n a ly t i c ,  i. e. th e y  on ly  h a v e  a r i g h t  h a n d  cu t .  T h u s , d r a w in g  th e  s i t  
s u b - e n e r g y  p la n e  S j  ^  ^  s e e  th a t  a t  f ix ed  t
-V-
©
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W h ich  d e m o n s t r a t e s  th a t  th e  c u t  s i n g u l a r i t y  ( i f  i n t e g r a t e d  up to 4 ^  ) e x a c t ly  c a n c e l s  the  p o le  f r o m  th e  p ro p a g a t i
s e e  th i s  even  m o r e  c l e a r l y  by  w ra p p in g  t h e  c o n to u r  in d iv id u a l ly  a ro u n d  p o le  an d  cu t.  T h i s  e x a m p le  e m p h a s i
n a t u r e  of G r i b o v ' s  t h e o r y  in  c o m p a r i s o n  to ^  1 : T h e  A F S  m o d e l  i s  s u f f i c i e n t ly  c o n v e r g e n t  so a s  to ro tat<
in th e  sub  e n e r g y  p la n e .  H o w e v e r ,  th e  i n t e g r a n d  d o e s  n o t  f a l l  off r a p i d l y  e n o u g h ,  i.  e. i t  i s  s t i l l  s i z e a b l e  f o r  ^
i  .  . 2o r  ev en T h u s  v a lu e s Pj^. do n o t  g iv e  th e  d o m in a n t  c o n t r ib u t io n .  T h i s  in  t u r n  d e m o n s t r a t e s  w hy
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p r o d u c e  a g e n u in e  cu t.  A F S  p e r f o r m s  a l l  u n i t a r i t y  i n t e g r a l s  r e p r e s e n t e d  b y  f i g . l f
b y  ta k in g  th e  d i s c o n t in u i ty  th r o u g h  the  p o le  o f  the  p r o p a g a t o r .  T h e  d is c o n t i n u i t y  a c r o s s  the  c u t  e x a c t ly  c a n c t  
i s  in f a c t  th e  d i s c o n t in u i ty  w h ic h  c u ts  th r o u g h  th e  v e r t e x  fu n c t io n  due to w h ic h  th is  c a n c e l l a t i o n  o c c u r s .
fig .l7
S ince  a r e g g e o n  c a n  be  r e p r e s e n t e d  by  a m u l t i p e r i p h e r a l  l a d d e r ,  i t  n e e d s  a l a r g e  n u m b e r  of ru n g s  to cu t  th roug  
c a n c e l  the  p o s i t i v e  c o n t r ib u t io n  o b ta in e d  by  A F S . T h e n ,  h o w e v e r ,  the  t h r e s h o l d  of th e  d i s c o n t i n u i t y  i s  l a r g e ,  
w h e r e  n^is  th e  n u m b e r  o f  l a d d e r s .  Such a l a r g e  m a s s  i s  p o s s i b l e  fo r  A F S  b u t  n o t  f o r  G r ib o v .  In G r i b o v ' s  the 
a s s u m p t i o n  i s  the  su f f i c i e n t ly  r a p i d  f a l l  off in the v i r t u a l  m a s s e s  s u c h  a s  s^. T h i s  r a p i d  f a l l  o ff  d a m p e n s  the  
o f  th e  c u t s  w i th  a h ig h  n u m b e r  of r u n g s  cu t  . th rough .
An u n d e r ly in g  f i e ld  t h e o r y  w i th  c o n v e r g e n c e  p r o p e r t i e s  s u c h  a s  th e  o n e s  a s s u m e d  b y  G r ib o v  -  th e  d a m p in g  of vi 
and  m o m e n tu m  t r a n s f e r s  w h en  th e y  e x c e e d  a  p a r t i c l e  m a s s  m ^  -  h a s  n o t  y e t  b e e n  found . B u t  i t  i s  a s s u m e d  thi
g au g e  t h e o r i e s  co u ld  p r o v i d e  s u c h  a  t h e o r y .  (15)
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III. I l l  - GRIBOV R U L E S  F O R  TH E  "R A L E IG H -S C H R O D IN G E R " P E R T U R B A T IO N  T H E O R Y
G r ib o v ' s  a n a ly s i s  of th e  a s y m p to t i c  b e h a v io u r  of F e y n m a n  d i a g r a m s  p ro d u c e d  a two d im e n s i o n a l  f ie ld  t h e o r y .  T h e  
f lu c tu a t io n s  d e s c r i b e d  by  th i s  f ie ld  ta k e  p la c e  in im p a c t  p a r a m e t e r  s p a c e  and a v a r i a b l e  ( r a p id i t y )  w h ic h  f o r m a l l y  { 
to t i m e  and w h ic h  is  co n ju g a te  to a q u a n t i ty  w h ich  fo m a l ly  c o r r e s p o n d s  to  the  e n e rg y .
T h e  L a p la c e - M e U in  t r a n s f o r m  p la y s  in th i s  a c e n t r a l  r o l e  { 15 ).
V
1 0  C - j  - I  )
G r ib o v ' s  i n t e r p r e t a t i o n  of fig. 18
(2 ^
th e  one R e g g eo n  e x ch an g e  g r a p h s  -
C
>v a n i s h e s  i f
fig .  18
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A s o u r c e  C of e n e r g y  1 -  j and  non  r e l a t i v i s t i c  m o m e n tu m  k  c r e a t e s  a q u a s i  p a r t i c l e ,  a R e g g e o n  of m o m e n tu m  k  
2 ’
e n e r g y  1 -  OC(k ). It w i l l  b e  a n n ih i la te d  a t  the  s in k  A w h e r e  it  t r a n s f e r s  i t s  m o m e n tu m .
N o te
m in im u m
G r ib o v  r u l e s  fo r  th e  o n e - r e g g e o n  e x ch an g e  g r a p h  -
(1) T h e  c r e a t io n  v e r t e x  (CP in o u r  d i a g r a m )  i s  g iven  by  ^  ^  ^  J ^  J
(2) A n n ih i la t io n  v e r t e x  (AB) -
(3) Into th e  p r o p a g a t o r  e n t e r s  the  d i f f e r e n c e  b e tw e e n  the  e n e r g y  of the  s o u r c e  C and the  e n e r g y  of the  R e g g e
I
—    \
l - o C i b V  - Ü - 3 I
/
E n e r g y  o f  R e g g e o n  E n e r g y  o f  s o u r c e
Û
' f o r  l i n e a r  t r a j e c t o r y
1 - J  f  ^  I
j r  _  k  ^ ^  C^~c><Coj)  N o n - r e l a t i v i s t i c
~ q u a s i  p a r t i c l e
E n e r g y  gap ; i~cJCo)
- 40 -
E  is  th e  c o n ju g a te  v a r i a b l e  to  2 " -  A  i. e. r a p i d i t y  in "
v e lo c i ty  in T  J  s p a c e
i t t im e " .  T h e  m a s s  ii»
/  •= /VVl
I - h c ^ C o j )  J / z
and  th
T h e  G r e e n ' s  fu n c t io n  fo r  the  d i f fu s ion  o f  a R eggeon ,  s e e  A b a r b a n e l  ( 34 )
P 2
4
an d  i s  show n in  fig .  19
a) S p a c e - t im e  p i c t u r e  of a R e g g e o n  ( 3 4 ) b) fo r  M a n d e l s ta m  cu t
fig .  19
- 41 -
^  c . i ~  CÀ,C») J
in  the  G r e e n ' s  fu n c t io n  im p l i e s  th a t  f o r  9 ) 0  on ly  R e g g e o n s  w:T h e  d a m p in g  f a c t o r
(Z  ^ P o m e r o n  s u r v iv e  in the  c a s e  of d i f f r a c t i v e  s c a t t e r in g .  At a t t a in a b le  e n e r g i e s ,  h o w e v e r
s i m p l e  p i c t u r e  d o e s  n o t  h o ld  a s  t h e r e  a r e  m a n y  c o m p l ic a t e d  i n t e r a c t i o n s  in v o lv ed .
G r ib o v  r u l e s  fo r  the  tw o -R e g g e o n  e x c h a n g e  g r a p h s  
( e . g .  T h e  le a d in g  cu t  c o n t r ib u t io n  to ' H ^  )
f ig .  20
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1) T h e  v e r t e x  f o r  the  p ro d u c t io n  o f  a  p a i r  of R e g g e o n s  w i th  m o m e n ta  k^, d u r in g  th e  s c a t t e r i n g  of a  p io n  i s  giver
t  ^
w ith  th e  p r o d u c t  o f th e  s i g n a tu r e  -  Im  s ign  ^  s ig n
-  42
2) T h e  a n n ih i la t io n  v e r t e x
\
=  M C  ^52 }
3) A R e g g e o n  d e c a y  a m p l i tu d e
k V / b 11
A
, -“it J
4) A n n ih i l a t io n  a m p l i tu d e  of two R e g g e o n s  in to  one
5) O ne R e g g e o n  p r o p a g a t o r
J ~ C h ^  )
6) T w o R e g g e o n  p r o p a g a t o r 7) M o m e n tu m  t r a n s f e r  in t e g r a t io n
f" L T
j e g g e o n e n e r g y
- 43 -
P a r t i a l  w ave  of th e  un en h a n c e d  R egg eon  cu t and a b s o r p t iv e  p a r t
L a p la ce -M e llin  t r a n s f o r m s
w h e r e  th e  N ' s  a r e  ta k e n  a t cK, M j
V44 -
S e m i e n h a n c e d  cu t
/  o / fW , % ! ) p  ^  Ok & b ;  ()^io<2 & ________________
Q -  o ( )  ( 3 + '  - ^ ‘" ' ^ 1 )
G r ib o v  r u l e s  in d i c a te  t h a t  -
1) th e  un e n h a n c e d  g r a p h  v a n i s h e s  u n l e s s
2) th e  s e m i - e n h a n c e d  g r a p h  v a n i s h e s  u n l e s s  ^  ^
3) th e  fu l l  e n h a n c e d  g r a p h  v a n i s h e s  u n le s s  ^
-  4 5
IV -  A C O R R E L A T IO N  M ODIFIED  E IK O N A L  M O D E L
W ith  o u r  b a s i c  in g r e d i e n t s  e x p l i c i t ly  d e f in ed  w e e n t e r  the  m a in  p a r t  of th e  t h e s i s .  The d e r i v a t i o n  and ju s t i f i e ;  
m o d i f i e d  e ik o n a l  m o d e l  w h e r e  one R e g g e o n  and n -1  P o m e r o n s  can  b e  e x c h a n g e d  an d  w h e r e  n o n  v a c u u m  a s  we 
a r e  a l lo w e d  to  ch an g e  the  p r o j e c t i o n  o f  the  n u c le o n  spin .
W e s y m b o l i z e  s u c h  a m o d e l  by  th e  t y p i c a l  G r ib o v  d i a g r a m
We u n d e r s t a n d  th e  s c a t t e r i n g  a m p l i tu d e  C ^ ^ 4 )  a s  ex p an d ed  in to  a s e r i e s  c o n s i s t i n g  of n th  o r d e r  cu t  te r  
h e l i c i t y  c o n t r ib u t io n .  T h u s  w e  pu t
6.rj^
and  w r i t e  down th e  s - c h a n n e l  h e l i c i t y  c o n t r ib u t io n  to  the  n th  o r d e r  t e r m  in G r i b o v ' s 'm u l t i p l e  e x p a n s io n '  of the  
A + C --•> B + D O
“ 4 6 : -
T h e  re g g e o n  4 - m o m e n t a  a r e   ^O } s i n c e ,  f o r  h ig h  e n e r g y  s m a l l  an g le  s c a t t e r i n g  the  r e g g e o n  m o m  en
a p p r o x i m a t e d  by  th e  t r a n s v e r s e  c o m p o n e n t  o f the  f i n a l  t h r e e  m o m e n tu m  o f  the  co l l id in g  p a r t i c l e  p r o j e c t e d  onto  a 
p e r p e n d i c u l a r  to  th e  s c a t t e r i n g  p la n e .  T h e  lo n g i tu d in a l  m o m e n tu m  t r a n s f e r  o f th e  p r o j e c t i l e  h a s  b e e n  n e g le c te d ,  
s c a t t e r i n g  ( 24 ) th e  two d im e n s i o n a l  in t e g r a t i o n  a p p r o x i m a t e s  th e  in t e g r a t i o n  o v e r  th e  s p h e r e  by  an in t e g r a t io n  
w h ic h  i s  t a n g e n t  to  th e  s p h e r e  a t  f o r w a r d  d i r e c t io n .
T hus w e  u se and f o r  th e  to t a l  m o m e n tu m  t r a n s f e r A kDA
T h e  h e l i c i t y  s u m  s p l i t s  in to  n e t  h e l i c i t y  n o n f l ip  and  n e t  h e l i c i t y  f l ip  in d i c a t e s  by  m (p)  w h ic h  i s  a fu n c t io n  of th e  i  
h e l i c i t i e s  u. c a r r i e d  by  th e  ex c h a n g e d  r e g g e o n s ,  c o u n te d  by  th e  in d e x  i f r o m  1 up t o n  the  o r d e r  of e x ch an g e ,  T1 
d e n o te  r e g g e o n  h e l i c i t y  n o n f l ip  and  th e  u. = 1  re g g e o n  h e l i c i t y  f l ip ,  .p = u. d e f in e s  the  n e t  h e l i c i t y  s u c h  th a t  evei 
in  n e t  h e l i c i t y  n o n f l ip  and  odd p in n e t  h e l i c i t y  f l ip .  G r i b o v ' s  two b od y  a m p l i t u d e  h a s  b e e n  w r i t t e n  a s  c o r r e s p o n d  
m u l t i p l e  s c a t t e r i n g  e x p a n s io n  in p o w ers  of th e  b a s i c  n u c le o n - n u c le o n  ( q u a r k - q u a r k )  s c a t t e r i n g  a m p l i t u d e  -  r e s e m l  
n u c l e i  s c a t t e r i n g  -  and  in i n c r e a s i n g  o r d e r s  of a m a n y - b o d y  t r a n s i t i o n  f o r m  f a c t o r  tak in g  in to  a c c o u n t  th e  c o n t r i t  
of  i n e l a s t i c a l l y  e x c i t e d  i n t e r m e d i a t e  s t a t e s  b e tw e e n  th e  i n t e r n a l  s t r u c t u r e  of th e  c o l l id in g  h a d r o n s .  In a d d i t io n ,
a m p l i tu d e  in c lu d e s  f a c t o r s  f o r  s h o w e r  f o r m a t i o n  w h ic h  a r e  r e m i n i s c e n t  of th e  M ich igan  ^  .
T h e  m o m e n tu m  c o n s e r v in g  d e l t a  fun c t io n  e n t e r s  th e  re g g e o n  p h a s e  s p a c e  a s
^  - ) k )
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"Wè c o n s i d e r  the  n th  o r d e r  t e r m  of th e  c o r r e l a t i o n  m o d i f i e d  
e ik o n a l  and  s y m b o l i z e  th e  d e p e n d e n c e  of th e  G r ib o v  v e r t i c e s  on the  
an g le  of th e  e x c h a n g e d  R e gg eon  and P o m e r o n s  by  th e  n th  o r d e r  
e x te n s io n  o f  the M a n d e l s ta m  d i a g r a m
L  ■ f ig .  22
T h e  G r ib o v  v e r t e x  f a c t o r i z e s  in  th e  c a s e  of "ZTA/  ^ s c a t t e r i n g  in to  a n u c le o n  (AB) and p ion  v e r t e x  (CD). O nly  ; 
n u c le o n  v e r t e x  c an  h e l i c i t y  c h a n g e  ta k e  p la c e .  We g ive  N th e  fo l lo w ing  fu n c t io n a l  e x p r e s s i o n  -
A = l
T he H 's  end h  f  are  angular m om entum  fa c to r s  and R eg g e  r e s id u e s  r e s p e c t iv e ly  as d efined  in II (page 19). T
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r u n s  f r o m  1 to  n  w h e r e  i = 1 i n d i c a t e s  the R e g g e o n  and  1 = 2, . . n  th e  P o m e r o n - e x c h a n g e .  T h e  i n t e r e s t i n g  te  
any  d e v ia t io n  f r o m  1 r e f l e c t s  th e  e f f e c t iv e  c o n t r ib u t io n  o f  i n e l a s t i c  i n t e r m e d i a t e  s t a t e s  b e s i d e s  the  e l a s t i c  pc 
T h e  s h o w e r  f a c t o r  ^  m e a s u r e s  th e  n o r m a l i z a t i o n  o f  th e  c o n t r ib u t io n  o f  s u c h  i n e l a s t i c  i n t e r m e d i a t e  s t a te i  
t h e i r  d e p e n d e n c e  on m o m e n tu m  t r a n s f e r .
In a m o d i f i c a t i o n  o f  th e  e ik o n a l  m o d e l ,  T e r - M a r t i r o s y a n  (21) h a s  p r o p o s e d  th e  q u a s i - e i k o n a l  m o d e l  b y  i n t r o d  
r e m i n i s c e n t  o f  th e  M ich ig an  ^  . K a id a lo v  (35) h a s  d e t e r m i n e d  i t s  v a lu e  f r o m  p o m e r o n  in d u c e d  p r o d u c t io r
r e p r e s e n t e d  b y  th e  fo l low in g  t h r e e  d i a g r a m s  -
A
N i.
?
f ig ,  23
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T h e  / \  th en  t a k e s  a c c o u n t  o f  the  f o r m a t i o n  of p a r t i c l e  b e a m s  in th e  i n t e r m e d i a t e  s t a t e s  and i s  e x p e r i m e n t ;  
a d e v ia t io n  f r o m  the  e ik o n a l  m o d e l  due  to th e  r a t i o  o f  the  c r o s s  s e c t io n s  f o r  d i f f r a c t i v e  d i s s o c i a t i o n  to  th e  c n  
e l a s t i c  s c a t t e r i n g .  T h e y  can  b e  s - d e p e n d e n t ,  s e e  K a id a lo v  (36) and f o r  a p p l i c a t i o n s  s e e  B o r e s k o v  e t  a l  (20 
T h e  w a y  to ta k e  in to  a c c o u n t  s h o w e r  f o r m a t i o n s  in  i n t e r m e d i a t e  s t a t e s  in  th e  f r a m e  of th e  q u a s i - e i k o n a l  m ode  
th e  f a c t o r i z e d  G r ib o v  v e r t i c e s  a s  e x p a n d e d  in a  s e r i e s  in  th e  c o m p l e te  s y s t e m  o f  p h y s i c a l  i n t e r m e d i a t e  s t a t e s  
in  th e  la n g u a g e  of n u c l e a r  p h y s i c s  to  th e  e x p a n s io n  in  an i n c r e a s i n g  o r d e r  o f th e  n u c l e a r  c o r r e l a t i o n  fu n c t io n  I
f ig .  24
T h e  c r o s s e s  on th e  i n t e r m e d i a t e  l i n e s  I n d i c a te  t h a t  th e  a p p r o x i m a t io n  of th e  G r ib o v  d i a g r a m  ( s e c o n d  o r d e r )
49
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fig . 25
i s  n o t  a F e y n m a n  d i a g r a m  n o r  an A F 5  d i a g r a m  s in c e  th e  i n t e r m e d i a t e  p a r t i c l e s  a r e  tak en  on m a s s  s h e l l
^ - / ;2  s e e  T e r - M a r t i r o s y a n  (16
th e  M do n o t  d e p e n d  on th e  m a s s e s  5, ~ and ^ “ 1.  T h i s  p r o c e d u r e  l e a d s  to  the
" o p t i c a l ” c o n t r ib u t io n  w h ic h  l e a d s  to the  e ik o n a l  m o d e l .  T h e  o p t i c a l  c o n t r ib u t io n  a g r e e s  w i th  th e  A b s o rp t io n  
i n i t i a l  and f in a l  s t a t e  i n t e r a c t i o n s  a r e  the  s a m .  T h e  s i n g u l a r i t i e s  a r e  on the  l e f t  and  r i g h t  hand  s id e  of the  su
p la n e .  In th e  a b s e n c e  o f  en h a n c e d  b r a n c h  p o in t s ,  i.  e. s m a l l  m a s s e s  s. the  a b s o r p t iv e  p a r t  of the  R e g g e - s c a
1 ^
a m p l i tu d e  f a l l s  off m o r e  r a p i d ly  th an  /s^ .  O ne can  then  r o t a t e  b o th  c o n to u r s  su c h  th a t  -
/VVW'V'W—  o- 
 ?-----
^  ■ 'A/> /vA/V^   A A/vvvv^
fig . 26
and  o b ta in  a s u p e r  c o n v e r g e n t  r e l a t i o n  f o r  the  R e g g e - p a r t i c l e  s c a t t e r i n g  a m p l i tu d e  w h ic h  l e a d s  in the  c a s e  of t 
d o m in a n c e  to  the  e q u a l i ty  o f i n i t i a l  and  f in a l  s t a te  r e s c a t t e r i n g ,  i.  e. the  a b s o r p t io n  m o d e l  s e e  K a id a lo v  (28).
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T h e  c o n t r ib u t io n  of e a c h  l in k  in  f ig ,  24 b) i n c r e a s e s  due  to  th e  sh o w e r  f o r m a t i o n  in c o m p a r i s o n  w i th  th e  e la s t ic  
s t a t e s  in fig . 24 a). T h e  R e g g e o n  - in d u c e d  p ro d u c t io n  o f  a c a s  c a d e  o f  p a r t i c l e s  w i l l  b e  d i f f e r e n t  f r o m  th e  one 
b y  th e  P o m e r o n .  A ls o  h e l i c i t y  f l ip  m ig h t  c o n t r ib u t e  d i f f e r e n t ly  f r o m  non+ l ip .  In p r a c t i c e  w e  on ly  f i t  one  nu: 
p e r  h e l i c i t y .
N o te  t h a t  a  d e t e r m i n a t i o n  b y  R a v e n h a l l  and W yld (38) le d  to th e  r e s u l t  t h a t  f r o m  fo u r  d i f f r a c t iv e l y  p ro d u c e d  s t a
r r  I  __  > T- Nik I / c \  A T T ' i t o —
/
. IT + N ^ c i ( , l o ;  . A i + f v  ^ ^
only  tw o, n a m e l y  and N^C U^ioj  m a d e  a  s ig n i f i c a n t  c o n t r ib u t io n  le a d in g  to  Aj I..^
to  b e  g e n e r a l l y  a s s u m e d  th a t  on ly  p o m e r o n - in d u c e d  p ro d u c t io n  i s  s i g n i f i c a n t ly  l a r g e .  In c o n t r a s t ,  th o s e  induce 
and  h e l i c i t y  f l ip s  a r e  s m a l l  (21).
W ha t  r e m a i n s ,  and  p r o m i s e s  to be  of c o n s i d e r a b l e  e f f e c t  b y  c o m p a r i s o n  w i th  th e  a b s o r p t i o n / e i k o n a l ,  i s  th e  dep 
m o m e n tu m  t r a n s f e r , .  . n o t  on ly  on the  o v e r a l l  one ^  b u t  a l s o  on w h ic h  l e a d s  to a s im
d e p e n d e n c e  on j \  and  i^j ^.nd i.  e. a  r e n o r m a l i z a t i o n  of th e  sh a p e  of the  cu t  and  of the  p o le s  t
h ig h e r  o r d e r  e x c h a n g e s .  T h u s  th e  r e s u l t i n g  e ik o n a l  w i l l  b e  m o d i f i e d  in i t s  o v e r a l l  A d e p e n d e n c e  and  in  ad 
p h a s e  u n d e r g o e s  a m o d i f i c a t io n .  T h i s  1^| . „ . A and p o s s ib l e  s - d e p e n d e n c e  is  r e p r e s e n t e d  by  I
in  th e  c a s e  of s e c o n d  o r d e r  ex c h a n g e  one co u ld  p a r a m e t e r i z e  N a l g e b r a i c a l l y  b y  .
a  I
C l t C f c i S . ) ' * . )  R -  . . . . . .
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T h e se  fo rm  fa c to r s  r e f le c t  the co m p o site  stru c tu re  of the co llid in g  p a r t ic le s  a s they do in the quark m o d e l c a l  
o f B en o fy , Shrauner and Cho (39) and H arrington  and P agn am en ta  (30). We ch o o se  the ex p on en tia l r ep r é se n tâ t  
as to  obtain s im p le  G au ssian  in te g r a ls . In the c a s e  o f the nth ord er  contribution  w e p a r a m e te r iz e  such  that N  
fa c to r iz e . T h is  i s  a cco m p lish ed  by the fo llow in g  p a ra m eter iza tio n :
^ C L - z y  +
We w r ite  an ana logou s e x p r e ss io n  for
A,
. . .  C k - t  
■* C k i - k ) ‘ 1 . 0 .  C  *21 -
C i v ,  -  k / .
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In a fu rth er  s im p lica tio n  w e se t
in th is  c a s e
• Cv, =■ Crr
N V C Ï . . . M J  ,  y  —
due to co n serv a tio n  m om entum  tra n s fer  ^  w e c a ll  K the c o r r e la tio n  k e r n e l and the c o rre la tio n  p
the " G ribov c" . T he n in the exponent is  the ord er  of exch an ge. T he in trod u ction  o f a c o r r e la tio n  k e r n e l in 
cut in te g r a l h as been  stro n g ly  su g g es ted  by H dgaasen  and K rzyw ick i (40). T h ere  the fo r m s
w e r e  put forw ard . A nother form  is  the one by L o v e la ce  (26). ^  ^ ^  ^  h.i
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We w r ite  the nth  ord er  contribution  to the s -c h a n n e l h e lic ity  sc a tte r in g  am plitud e ai
- y
/_
M;*W (M ( - , / iand
a s defined  in II p ages 20 and 21. F u r th er , w e put the c o r r e la tio n  k e r n e l as on page 52 o f th is  chapter
B e fo r e  w e d is c u s s  the n o rm a liza tio n  w e rem ark  on the c r o s s in g  sy m m etry  (up to ) o f the G ribov cut. T he sym
o f the cut under c r o s s in g  s - - >  - s  is  the product of the sy m m e tr ie s  o f  the R eg g eo n s , (P o m e r o n s) b j / ’. j^-^2 
T he sig n a tu re  o f the cut is  the prod uct o f the s ig n a tu res  o f the p o le s .
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In th is  r e sp e c t  it is  in tere stin g  to rem a rk  that the ab sorp tion  m o d e l as m en tion ed  in the in trodu ction  (page 2) 
tra d itio n a lly  ca lcu la ted  w ith  the h elp  of the Sopkovich p rescr ip tio n  w hich  lack s s - u  c r o s s in g  sy m m e tr y , i. e. 
it is  n ot lin e  r e v e r s a l .  We m entioned  that the G ribov cut co rre sp o n d s to the ab sorption  m o d e l, s e e  page 49, 
i f  in it ia l and fin a l r e sc a t te r in g s  a re  equal. T h is  is  h o w ev er , g e n e r a lly  not n e c e s s a r i ly  the c a s e . How one 
can ac tu a lly  r e s to r e  c r o s s in g  sy m m etry  in the ab sorp tion  m o d e l h as been  n ic e ly  d em o n stra ted  by Q uigg (41). 
It c o n s is t s  o f adding the c r o s s e d  grap hs to the con ven tion a l grap h s o f the ab sorp tion  m o d e l, i. e . to add e la s t i  
sc a tte r in g  o f an in it ia l sta te  p a r tic le  w ith  a fin a l sta te  p a r t ic le , a s shown in fig , 2 7
X
fig . 27
Q u igg 's c r o s s in g  sy m m e tr ic  
ab sorption  m od el
Q uigg d em o n stra ted  fu rther how the c r o s s e d  te r m s  are  a lrea d y  includ ed  in the G ribov cut. T he R e g g e -p a r tic  
sc a tte r in g  am plitude con ta in s a ll  p o s s ib i l i t ie s  - thus a lso  the production  of c r o s s e d  r eg g eo n s.
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©
— /\/\/\/\ —
1 .
A verag in g  o v er  n arrow  r e so n a n c e s  in 
two ch annels
fig . 28
Q u ig g ' s  a r g u m e n t
T he G ribov cut in c lu d es  c r o s s e d  and u n c r o sse d  grap h s. T he ab sorp tion  m o d e l can b e  m ade c r o s s in g  sym m  
by averag in g  the c r o s s e d  grap h s w ith  the u n c r o sse d  grap h s. T he c r o s s e d  grap h s can be un derstood  s in c e  th 
R e g g e -p a r t ic le  sc a tte r in g  am plitude con ta in s a ll p o s s ib le  o rd er in g s  o f the co n stitu en ts  n a m e ly  a and b in terc l 
and c and d in terch an ged  g iv e  c r o s s e d  graph as in fig . 29
fig . 29 G ribov cut includ ing  c r o s s e d  grap h s
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We can now  sta te  m o re  p r e c is e ly  the lim it  c a s e s  of the G ribov cu t in the c a s e  o f secon d  o rd er  exch an ge
We w r ite
w hich  red u ces  in the c a s e  of N = con st, to  the ab sorption  m od el w ith  coupling co n sta n ts  -  se e  A djei et a l (4 
in it ia l and fin a l r e sc a t te r in g s  are  equal. T he contour in te g r a l in the sub en erg y  p lane in c lu d es  on ly  the re  
o f the in term ed ia te  e la s t ic  p o le . The re s id u e  i s  a con stan t. T he N 's  can contain  fo rm  fa c to r s  in stea d  of 
coupling co n sta n ts . Any d ev ia tio n , h o w ev er , o f N fro m  the p roduct o f the p o le  r e s id u e s  in vo lved  in the ex  
i s  a w ay to p ick  up con trib u tion s o f o th er s in g u la r it ie s  in the sub en erg y  p lane. B y w ritin g  as
one can sa y  that any dev ia tion  o f K from  1 ta k es e ffe c t iv e ly  account o f the contribu tion  of in e la s t ic  in term ed  
s ta te s  and K = con st, co rre sp o n d s to the c r o s s in g  sy m m e tr ic  i. e . lin e  reverses# v e r s io n  of the absorp tion  r 
such  as the one d eve lop ed  by Quigg. H ow ever K = co n st ^ 1 only d e te r m in e s  the n o rm a liza tio n  o f the G rib  
N , i. e . the contribution  o f the in e la s t ic  in term ed ia te  s ta te s  to  the cut in forw ard  d irec tio n . K  ^ con st, o: 
hand m e a s u r e s  the e ffe c t  th e se  in term ed ia te  s ta te s  h ave at / t /  ^  0. T h is  h as a co n sd er ia b le  e ffe c t  on the p 
cut. N o te , h ow ever that K h as to be r e a l so  a s n ot to d e str o y  the c r o s s  ing sy m m etry . In p r a c t ic e  a sm a l 
p art m igh t be fe a s ib le  as long as it  d o es n ot b reak  the sy m m etry  too d r a s t ic a lly .
-  57
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N ow  w e a re  going to  f ix  the n o rm a liza tio n  /  in ^  J ^  k  ct'^h
F ir s t  le t  u s co n s id er  s p in le s s  sca tter in g  . M i s  th e  nth  ord er  te r m  in an e ik o n a l exp an sion  i f  K fa c t
F o r  th is  r e a so n  w e have ch osen  it  a s on p age 51,
O ther fo r m s , su ch  as
nnnq<j A, __ j
K  -  ^  - . C - J  ■y - K c k -
/VnCM
l e a d i ng  ^  k
when
do n o t fa c to r iz e  at on ce . H o w ev er , the q u adratic  fo r m s  w ith  c r o s s e d  te r m s  can b e  d ia g o n a lized  by ca rry in g  ( 
s im ila r ity  tr a n s f  o rm a tio n s .
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We now  w r ite  down the a -ch a n n e l p a r tia l w ave s e r ie s  for  an e la s t ic  sc a tte r in g  am p litu d e . With our n o rm a li  
s e e  I, page 12, and A ppendix page w g find ^
r  L i ' j   ^ '  o'
i
We a re  going o v e r  to the im p act p a ra m eter  r e p r e se n ta tio n , s e e  A ppendix page lU  and m ake the rep la ce m en
O j + i j — > c j ê i i s i )
9 o
h C i û j  -  . J i  j  Â
A 0
'r  is  the sum  ov er  a ll  nth ord er  prod u cts o f the p h ase  s h if t s ,  i. e. the R egge  p ole  am plitudesw hich  
F o u r ie r  tra n sfo rm ed  from  m om entu m  tra n s fe r  sp a ce  into im p act p a ra m eter  sp a ce . If w e c a l l  th e se  p h ase  i 
then the s -c h a n n e l p a r tia l w ave read s
f y , S l
1
 ^ i s  the p a r tia l w ave am p litud e for  the angular m om en tum  J[ = q^b-% w h ere  q^ is  the mag 
o f the s -c h a n n e l cen tre  o f m a s s  th ree  m om entum  /^ q /  = for the sc a tte r in g  A + C - - ^  B + D and b the i
p a ra m eter  _  , ,0'*"r <IC#0»M £■* £»
/  ^  bcoih.! Q
^  /  fig . 30
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H  c. "^5 J 'vF ou rier  tra n s fo rm  b ack  into im p act p a ra m eter  sp a ce  ^ J
Oo 
- / P
The con n ection  vrlth C  |6 t l ^ l j o 2 ^  ie  found by m ak ing  u .e  o f the
id en tity p />< Co4 f
d o g
V
- y 0 0 
Oo
then
the p a r tia l w ave am plitude can be obtained  by in vertin g  ^  ^ O p  C
O
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by  u s i n g  t he  F o u r i e r - B e s s e l  i n t e g r a l
jC'-; * j -J ^G'j lCoo<y ),'cÇ.x'j oioi
t> b d
!']o
Or H  ^  F o u r ie r  tra n sfo rm  from  m om entu m  tr a n s fe r  sp a ce  into im p act p a ra m eter  spac
<L
A» A*-*i
and s i n c e  j
and w e  d efin e  the e ik on a l p h ase  in te r m s  o f the p h ase  sh ift; 0 ( 0 , E )  =  oZ. i O , / J
t h en  w e  ha v e J  C-Ci )
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and ^  1  / -  H C -f / l? ' )  ZjL_h' w h ere  M C^ / )^ i s  the R eggep o
- y ?  - u  • ^ ' ' '
but 0 Â )  = i / l p l l l l  ““““
Oo
r ' '  0 ( W ;  O r C a ^ . . , ' ■ > C a;„
/n _ Z
now  w e com p are  th is  w ith  o u r  nth  ord er  G ribov in tegra l;
' V
i & N r ,  /  . .C/^lM C'^yé) - 9^  ' j f i j C - ^ / »'«- [i^ C-S/bJ kcbi'•■Wte,
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in order to be able to work in the impact parameter representation we choose the 
of the delta function: F o u r i e r  i n t e g r a l  r e p r e s e n t a t i o n
then the G ribov in te g r a l b e c o m e s
V
A
H i
'  M , O A ' )  ]  a ' " ' ’ '  h i C s , i i ‘) o i % „ . ,  j / :
- L
V
’ - Â k - i
v>
r ^ hh 'S
V
*/u-( /' /* Ù '3
_  l H "  •[ ( y ,  C U j  \ O J )  cL%
C - - )
by inspection V “ A
 ^ Cw4
a " " ' '  oZv  7 v
m l  f
r  P o m e r o n  \
J°' ' ,  ' and cu t  ’ *A
A " "
( I  '
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T hus w e w r ite  for the nth ord er  con trib ution  to the s -c h a n n e l h e lic ity  sc a tte r in g  am plitude for  the exch an ge of 
R eggeon  ( t h ^  — ^T(V») and n -1  P o m ero n s w h ich  a re  a llow ed  to change the p ro jectio n  o f  the n u cleon  spj
is  n ot h e lic ity  co n serv in g .
w ith  R eg g eo n , P o m ero n  and the c o r r e la t io n  k er n e l a s  defin ed  on p age 53 and in addition the F o u r ie r  in te g r a l r< 
o f the d e lta  function  w e obtain -
/ I
a
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Pu
rith y
Cfvi J i'L A ' ^  c - ' ) " TXJ
/ ' A .
and % - C7 - '  4- K \ C y^ i f ) r
T he con ven tion a l R eg g e  p h a se  h as b een  defined  along the x  a x is ,  s e e  a lso  p art II, page 12, fig . 2. T he p lan e of t 
R eggeon  m om en ta  k^, k^ and the to ta l m om entum  tr a n s fe r  ^  is  then a s  show n in fig . 31
fig . 31
the m u tu a lly  or ien ta ted  tr a n s v e r s e  com ponents  
of the R eggeon  m om en ta .
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W e then w r ite
-  b '  '
-  y
^  , / - ; h
j '  z  ?  -J j ; ,  c l y u D p ^ k ) -
and co n seq u en tly  the R eg g e  e ik on a l rea d s
i o
T c t >  -  Y i i > , L i r r C - X t -  J  ■' % , c k w x k
’  {  i k r f
T ^ c ; - . r
and the P o m ero n  eik on a l
0 ( 1 ' o , f e j  -  C - ' / V
, 2 \
f ç  ( s ^ , y y i
c - f ,  I  | i , r .  A
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We now  c a r r y  out the in teg ra tio n  o v er  m om entum  -tr a n s fe r  and k j , i. e . the B e s s e l  in tegra ls',
in o r d e r  to eva lu a te  the in te g r a ls  w e m ake u se  o f the F o u r ie r - B e s s e l  tra n s fo rm s;
' i
T hus w e  obtain
V A -
V
thus j  9 6 ^ k -  ~
- L
- "-Aik "
O x  C O  •*• ^  c c )
y  ,  ./<4
-  %  C c j
A I
l-M
A ’ ?
r
cX -
rj ' 
A ,
now  j runs from 1 to n jo
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U sin g  th e  id en tity
o l ?
w e obtain  -
- y
d r ' ^ ' o i x  p
0
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T he nth  ord er  fo rm u la  fo r  the h e lic ity  cut con trib ution  to the s -c h a n n e l h e lic ity  s c a tte r in g  am plitude
'T 'A '
_  0 6 , e c j
w ith
O  Cc; /  / )  A A
/  OL C_cj )
Q i s T ' u - r '
 ---------------------------------  ^  \  m (p) i s  n e t he
I ,. ^  1
I
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In II p age 16, w e h ave d ecom p osed  an am plitude by
T hus w e  obtain  fo r  the secon d  ord er  h e lic ity  cut -
_  n ]s> n ; -  ^
and fo r  the th ird  ord er  contribu tion
I . 1 I V
^-î j: -Î P -P
Q) -  M 3  -  h ® h i t  + n ® H ® i
M  p ^ i  Y  ?  ?  f  F  ' S ' '
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Our c o r r e la t io n  m od ified  e ik on a l m o d e l then rea d s
P o m e r o n  e x c hange only C ° ^ |  '  iJîh
^ )  j i  :  c t%
A m
H  ' c a , c  .  y ? ;  / > “ ^  A  j ;  a "  ^
â .’H AU
P om e ron exch an ge + one R eggeon
c j l l  ^  ^
(Xf ek^xL - AJpfJWjpjjz,
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T h e  p a r t i a l  w a v e  a m p l i t u d e  f o r  the c o n t r i b u t i on  of  t he  P o m e r o n ,  w h ic h  can  chang e  the p r o j e c t i o n  of  the  n u c l e o n  spin
9P u  ' '1 Ikl" A
Ai
C - U ' c-U' 14A' ;
J  c  Ik,1141 ;  A
■iTf
7 / r  U '
c . )
Ai+i
?
and  fo r  t he  Regg eon ;
/ / - 1, 2
-  ^ A r . .
^  - i "
/ a
h
E i k o n a l  — ^  (F ^ —  p a r t i a l
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And f i n a l l y  w e  s t a t e  a s  t he  s e con d  o r d e r  e x a m p l e ,  i. e. the  c o r r e l a t i o n  m o d i f i ed  G r i b o v - A b s o r p t i o n  cut ;
(i t  i s  t h i s  f o r m u l a  w h i ch  w e  u s e  in o u r  p h e n o m e n o l o g i c a l  i n ve s t i g a t i on )
H e l i c i t y  non f l i p
-  w
| , j  ■
_ c i ) y  y  ^
"* C y i , , v . i W >
0-) ,— u  ixî' r n V c \  At'K ± 7)/-*) /V, A . I I
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V - T H E  "D ERI VAT IV E R U L E "  A P P L I E D  T O  T HE COR REL ATI ON MODIFIED W EAK ABSO RP TION  M O D E L  WITH 
(A) T R A D IT IO N A L  P O M E R O N  INPUT AND (B)  HART LE Y-KANE P O M E R O N  INPUT
(A) A t  a  p r e l i m i n a r y  s t a g e  o f  o u r  i n v e s t i g a t i o n  w e  app l i ed  t he  " d e r i v a t i v e  r u l e "  in o r d e r  to ob ta in  t he  h e l i c i t y  f l i p  amp]  
We  cha ng e  o u r  n o t a t i o n  s u c h  t h a t  -
"  j J ^ ; ;  ^  " and  fo r  t he  P o m e r o n ,  ~ / l Tand  w r i t e  f o r  the R e g g e  po l e ,  t i / - /  ^ i -Z / "
w h e r e
I n s e r t i n g  t he  p o l e ,  the  p o m e r o n  and  t h e  c o r r e l a t i o n  k e r n e l  into the G r ib o v  e x p r e s s i o n  we  ob t a in  -  
H e l i c i t y  non f l ip  cu t  am p l i t u d e
. A .  "He 2/4) -  -  - r  C ' ^ / i  )  j i  ■ 1 ° ^ '^ ')----------    /- ^
W e now app ly  t hé  d e r i v a t i v e  r u l e  Kl )  •*» ^  ^ 0  w h e r e  c^  i s  an  a rb i
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H el i c i t y  f l ip  cu t  am p l i t u d e  of  c o r r e l a t i o n  m o d i f i ed  w e a k  ab s o r p t i o n  by  m e a n s  of  the  " d e r i v a t i v e  r u l e "  w i th  t r a d i t i o  
P o m e r o n  i nput
w e  ob ta in  -
=  c .  C V k ,  )  j  j  |_ A, ^  . ]  ]
4* -
Ac r  c Ç
- C ^ A c )
P- V
(B) We  now  s t a t e  o u r  c o r r e l a t i o n  m o d i f i e d  v e r s i o n  of a  HART LE Y -KANE PO M E R O N  IN PUT  (10) a l t hough  t he  pheni  
i n v e s t i g a t i o n  h a s  n o t  y e t  b e e n  c a r r i e d  out .
- -  (Oo Lg
k
-  l b  -
C o r r e l a t i o n  m o d i f i ed  w e a k  a b s o r p t i o n  w i th  P o m e r o n  input  ci l a  H a r t l e y - K a n e
4-Ar L - l /
+ \
+
-  (.(3 + 0 ) 1^1
a ^ L
Â’ ' i î
0 ( b  A?-, * U  
C U 3 ( W c ;  /
kl
4c
C L , , ,  y
Â'I.Z
k, Qi t- Ic-
0  8 - 4 ^ 6  +5-.+ /c J
C.8i * , c )  1?. V a ^ - ^ %
Yi u
We no w  u s e  t he  " d e r i v a t i v e  r u l e "
f t  G ^ i t i j  -  C o  C s , l * i j
•*- Ol/i+t
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And  f ind t he  fo l l owing  r e s u l t :  C o r r e l a t i o n  m o d i f i e d  w e a k  a b s o r p t i o n  w i t h  P o m e r o n  i n pu t  a l a  H a r t l
h e l i c i t y  f l i p  cu t  a m p l i t u d e  b y  m e a n s  of  the " d e r i v a t i v e  r u l e "  -
haO,.- (-
C 5 ’i ) J ;
A t
- ^ V i )
4 S C
4"o2c )  ^
/ ' I , ' !  + S i ^ / ( .
/ "  k f -  jZ. loo Q i  ^
t
C t t +
C + 3 . +  -^ t7 4-1 Oi
^ 6  3 i  4
0
_ C 3 i A - - ^ k  'R .
C k 2% + 4-c7
^3>i ^  \ b V
k a  2-. +
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P A R T  TWO
PH ENO M ENO LO GICAL INVESTIGATION*
* F i g u r e  n u m b e r s  s t a r t  a g a in  f r o m  1.
- 7 S
A d i s c u s s i o n  of  t h e " m e c h a n i s m  by w h ic h  t he  c o r r e l a t i o n  m o d i f i e d  a b s o r p t i o n  m o d e l  r e c t i f i e s  the inc< 
J a eh a v i o u r  p r e d i c t e d  by  t r a d i t i o n a l  r e g g e i a e d  a b s o r p t i o n .
T h e  p i o n - n u c l e o n  s y s t e m  is  c o m p l e t e l y  d e t e r m i n e d  by 4 c o m p l e x  a m p l i t u d e s ,  n a m e l y  bo th  i s o s c a l a r  
a m p l i t u d e s  in t h e i r  h e l i c i t y  n o n - f l i p  and  h e l i c i t y  f l ip  s t a t e s .  T h e s e  a m p l i t u d e s  c a n ,  in t u r n , be  ext  
e x p e r i m e n t  i f  t h e r e  e x i s t s  a c o m p l e t e  s e t  of m e a s u r e m e n t s  of the o b s e r v a b l e s ,  i. e. the  d i f f e r e n t i a l  
t he  p o l a r i z a t i o n  and t he  s p i n - r o t a t i o n  p a r a m e t e r s  R and  A. Such  a c o m p l e t e  s e t  of d a t a  e x i s t s  only  
l a b o r a t o r y  m o m e n t u m  of t h e  i n c i de n t  p ion a t  6 GeV' /c  and  s m a l l  m o m e n t u m  t r a n s f e r .  Bey on d  / t ‘/  = 
t he  l a c k  of s p i n - r o t a t i o n  d a t a  p r e v e n t s  u s  f r o m  h av i ng  a n o n - a m b i g u o u s  v i ew  of the  a m p l i t u d e s '  s t r u  
c a s e  s u c h  an a m p l i t u d e  a n a l y s i s  ( 5 ) i s  m o d e l - i n d e p e n d e n t  on ly  up to an o v e r a l l  p h a s e  u n l e s s  the  me  
a n a l y t i c i t y  ( 5 ) i s  u s e d .  T h e  o v e r a l l  p h a s e  i s  a s s o c i a t e d  w i th  the  d o m i n a t i n g  a m p l i t u d e ,  n a m e l y  the 
i s o s r a l a r  a m p l i t u d e .  T h e  p h a s e  aw a y  f r o m  f o r w a r d  d i r e c t i o n  of t h i s  a m p l i t u d e ,  a s  found by P i e t a r  
t o  c o n s i d e r a b l y  e x c e e d  t he  v a lu e  a s  p r e d i c t e d  by  B a r g e r  and  P h i l l i p s  ( 1-  ^ ). T h i s  i s  c o n s i s t e n t  , - i th 
A m b a t s  e t  a l .  ( 5  ) By  a s s u m i n g  t h a t  t he  h e l i c i t y  f l ip  i s o v e c t o r  a m p l i t u d e  i s  s t r o n g l y  r e g g e  - d o m i n a  
c o n c lu d e  f r o m  the  c o n s t a n t  p h a s e  d i f f e r e n c e  w h ic h  t h ey  ha v e  found to e x i s t  b e tw e e n  the  he l i c i t y  f l ip  
h e l i c i t y  n o n - f l i p  i s o s c a l a r  a m p l i t u d e ,  t h a t  the e f f e c t i ve  t r a j e c t o r i e s  of t he  two a m p l i t u d e s  h av e  ecua  
/ t /  = . 4  GeV^ .  P i e t a r i n e n  ( 5  ) f ound  a r a t i o  of  r e a l  to i m a g i n a r y  p a r t  of  the  i s o s c a l a r  h e l i c i t y  nc 
u p  t o  - 50% a t  6 G e V / c  fo r  / t /  = . 3 GeV^.  We  h av e  i n c o r p o r a t e d  thi-s p i e c e  of i n f o r m a t i o n  i n to  the  al 
o u r  e f f ec t i v e  p o m e r o n .
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We n o w  d i s c u s s  how the  g r a d u a l  a l t e r a t i o n  of  t h e  e f f ec t i v e  P o m e r o n  p h a s e  in c o n n e c t i o n  w i t h  t h e  int rodu< 
c o r r e l a t i o n  b e t w e e n  t he  s i m u l t a n e o u s l y  e x c h a n g e d  p o m e r o n  and r e g g e o n  in an a b s o r p t i o n  m o d e l  c a n  p r od  
s t r u c t u r e  of t he  h e l i c i t y  a m p l i t u d e s  a s  f ound by t he  a m p l i t u d e  a n a l y s i s  a t  l e a s t  a t  s m a l l  m o m e n t u m  t r a n s  
f i xed  l a b o r a t o r y  m o m e n t u m  of  6 G e V / c .
We r e p r e s e n t  t he  a m p l i t u d e s  in the  c o m p l e x  p l a n e  s u c h  t h a t  t h e y  a r e  c h a r a c t e r i z e d  by  t he  fo l l owing  quan
1. T h e i r  s t r e n g t h  ^  in f o r w a r d  d i r e c t i o n
2. T h e  s l op e  7  t he  a s s u m e d  e x p o n e n t i a l  f a l l - o f f  w i th  / t /  of  t h i s  s t r e n g t h
3. T h e i r  i n i t i a l  p h a s e  ^
4.  T h e  ro t a t i o n  v e l o c i t y  ^  of  t h i s  p h a s e  in d e p e n d e n c e  on / t /
T h u s  w e  w r i t e  a n y  a m p l i t u d e  a s
I t s  p a r t i c u l a r  t ype  i s  s p e c i f i e d  by  i t s  i n d i c e s .  T h e s e  i n d i c e s  i n d i c a t e  -
1. T h e  u p p e r  l e f t  i n d i c e s  o,  1 c o r r e s p o n d  to t he  t - c h a n n e l  i s o s p in  s t a t e
2. T h e  r i g h t  i n d i c e s  d en o t e  i n d iv id u a l  s - c h a n n e l  h e l i c i t y  s t a t e s .  T h e  n e t  h e l i c i t y  s t a t e  m  i s  the
in d iv id ua l  h e l i c i t y  s t a t e s  nj  w h e r e  nj  = o i s  h e l i c i t y  non f l i p  and  n^ = I h e l i c i t y  f l ip  if  + ng = 
h e l i c i t y  non f l i p  i f  nj  + n 2 = 1'^ n = 1 h e l i c i t y  f l ip.
3. P , C , t h ,  s t and  f o r  t he  p o l e ,  the  c u t ,  t h e i r  s u m  w h ic h  m a k e s  up  o u r  t h e o r e t i c a l  t o t a l  h e l i c i t y  
exp  d e n o t e s  t he  a m p l i t u d e  a s  e x t r a c t e d  by a m p l i t u d e  a n a l y s i s  f r o m  e x p e r i m e n t .
4.  T h e  l o w e r  l e f t  i n d i c e s  1 , 2 r e f e r  to the  n o n - r o t a t i n g  and ro t a t i n g  p a r t s  r e s p e c t i v e l y  i nto wh ic  
t he  t h e o r e t i c a l  a m p l i t u d e s  due  to t h e i r  r e g g e  s i g n a t u r e .
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VI.  1 -  T he  C r o s s i r g  S y m m e t r i c  W ea k  Cut  R e g g e i z e d  A b so rp t i o n  Mod e l  a s  a s p e c i a l  c a s e  of  t he  G r i b o v  cut .
By  s e t t i n g  in t he  G r i b o v  cu t  i n t e g r a l  t he  C o r r e l a t i o h  k e r n e l  fequal t o  1 w e  r e c o v e r  t he  a b s o r p t i o n  m o d e l  i n ' i t s  c r  
f o r m .  We  u s e  t he  w e a k - c u t  v e r s i o n  of  t h i s  m o d e l  a s  a s t a r t i n g  p o i n t  f o r  t he  d i s cU s s i o n  abou t  t he  p o s s i b l e  m o d i  
t r a d i t i o n a l  a b s o r p t i o n .  G r a d u a l l y  we  t hen  i n t r o d u c e  t he  c o r r e l a t i o n  in s e v e r a l  m o d e l  v a r i a n t s  and  o b s e r v e  in i 
d e v i a t i o n  o f  t h e s e  m o d e l  v a r i a n t s  w i th  r e s p e c t  to t he  r e f e r e n c e  m o d e l .  We m e a n ,  by  w e a k - c u t ,  t h a t  the  f i xe d  p 
p r e s e n t  a t  w r o n g  s i g n a t u r e  p o in t s  w i l l  no t  c o n t r i b u t e  m u l t i p l i e  a t  i ve ly  t o  t he  r e g g e  r e s i d u e s .  T h u s  t h ey  a r e  n o t  
n o n s e n s e  w r o n g  s i g n a t u r e  z e r o s  (NWSZ) .  S ince  t h e  p o m e r o n  s t a y s  p o s i t i v e  t h r o u g h o u t  / t /  and  t he  po l e  c h a n g e s  
w i l l  o c c u r  in t he  co nvo lu t i on  i n t e g r a l  and  t he  r e s u l t i n g  cu t  t u r n s  out  to be  s m a l l .  T h i s  i s  no t  t he  c a s e  in the  s t r  
m o d e l  w h i c h  w a s  the  a l t e r n a t i v e  v e r s i o n  o r i g i n a l l y  a do p t e d  by  t he  Mi ch i ga n  g ro u p .  In t h i s  v i e w ,  the  t h i r d  o rde .  
f unc t i on  i s  a s s u m e d  to  ha v e  s t r o n g  i n f l u e nc e  on t he  r e g g e - r e s i d u e  in t h e  f o r m  o f  s t r o n g  f i xed  p o l e s  w h ic h  can  ce 
the h e lp  of  an e n h a n c e m e n t  f a c t o r  1 ^  3 po l e  and  cu t  b e c o m e  c o m p a r a b l e  and g e n e r a t e  the dip  by i n t e r f e r e :
c r o s s - s e c t i o n .  T h e  w e a k - c u t  v e r s i o n ,  in c o n t r a s t ,  j u s t  f i l l s  in the z e r o s  a l r e a d y  p r e d i c t e d  by the  po l e .  ( Unfo r  
the  d ip  to s m a l l e r  v a l u e s  in / t / . )  T h e  w e a k - c u t  m o d e l  d oe s  no t  add any  p a r a m e t e r  beyond  t h o s e  a l r e a d y  p r e s e r  
1. e. A  3 1. T h e r e  i s  s t i l l  a c o n s i d e r a b l e  a m o u n t  o f  f l e x ib i l i t y  w i th in  t he  f r a m e  of the  t r a d i t i o n a l  w e a k - c u t  r e g  
e . g .  t he  r e g g e i z a t i o n  a l l o w s  a  c h o i ce  of  g h o s t - e l i m i n a t i n g  m e c h a n i s m s ,  e x p o n e n t i a l  f a c t o r s  in t he  r e s i d u e s  and 
t h e  t r a j e c t o r i e s .  We a d op t  t he  e x p o n e n t i a l  f a c t o r s  in t h e  r e s i d u e  and  c h o o s e  an e n e r g y  s c a l e  f a c t o r  s ^  = 1 (GeV 
ch o i c e  i s  e q u i v a l e n t  to t he  i n t r o d u c t i o n  of  an e x p o n e n t i a l  f a c t o r  in the  r e s i d u e .  T h u s  w e  a b s o r b  any  d e v i a t i o n  fr 
O u r  t r a j e c t o r y  c h o o s e s  n o n s e n s e .  T h u s  bo th  h e l i c i t y  p o l e s  v a n i s h  a t  / t /  = . 6 4  7 fo r  o u r  p a r t i c u l a r  ch o i c e  of  inti 
r h o - t r a j e c t o r y .  We e m p l o y  t h e  G e l l - M a n n  g h o s t - k i l l i n g  m e c h a n i s m  and t h e  G a m m a  func t i on  lef t  o v e r  by  t h i s  h. 
ex p o n e n t i a l  p a r a m e t e r i z a t i o n  of  t he  r e s i d u e  func t i on .
T h e  p a r a m e t e r s  in T a b l e  I p r o v i d e  a  r e a s o n a b l e  c h o i c e  f o r  t r e a t i n g  p io n - n u c l e o n  c h a r g e  e x c h a n g e  a t  6 G e V / c  w 
o u r  r e f e r e n c e  m o d e l .  We s t a t e  e x p l i c i t l y  t he  d e p e n d e n c e  of the cu t  c h a r a c t e r i z i n g  q u a n t i t i e s  on a l l  p a r a m e t e r s  
down in i t i a l  cu t  s t r e n g t h ,  s h r i n k i n g  v e l o c i t y  of t h i s  s t r e n g t h ,  i n i t i a l  p h a s e  an g l e  and ro t a t i o n  v e l o c i t y  of i t .  Th i  
on t he  l e v e l  of  a m p l i t u d e s ,  w h a t  is  n e e d e d  to  i m p r o v e  a b s o r p t i o n  and t r a c e  the e f f e c t  t he  c o r r e l a t i o n  h a s  on the  
We  u s e  s i x  R e g g e - p a r a m e t e r s  w h ic h  a r e  -
^  o I
1. t h e  two h e l i c i t y  d e p e n d e n t  r e s i d u e s  a t  / t /  = 0
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2. t h e  two  h e l i c i t y - d e p e n  d en t  r e s i d u e  s l o p e s  A y  of  t h e i r  e x p o n e n t i a l  f a l l - o f f  w i t h  i n c r e a s i n g  f t / ,
3. t h e  two h e l i c i t y - i n d e p e n d e n t  p a r a m e t e r s  w h i c h  d e t e r m i n e  t he  l i n e a r  r e g g e - t r a j e c t o r y  i . e .  the  i n t e r c e p
/  ^ / '  2 t h e  s l o p e  . We  r e l a t e  i n t e r c e p t  and  s l op e  v i a  t he  fo l l owing  e x p r e s s i o n  0( j )  = 1 "wb
m a s s  of t he  r h o  m e s o n  w i t h  mj s = . 773 G e V / c
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T h e r e  a r e  f o u r  p a r a m e t e r s  f o r  the  e f f ec t i ve  p o m e r o n .  T h e  t r a d i t i o n a l  a b s o r p t i o n  m o d e l  i s  c h a r a c t e r i z e d  by  i t s  u s e  
h e l i c i t y  c o n s e r v i n g  p u r e l y  i m a g i n a r y  and  s t a t i o n a r y  p o m e r o n  a s ^ e  a b s o r p t i v e  f a c t o r .  In t h i s  w a y  w e  ha v e  e f f e c t i \  
on ly  fo r  the p o m e r o n ,  the r e s i d u e  p  a t  / t /  = 0 and the  s l op e  A  P  of  the  ex p o n e n t i a l  f a l l - o f f  w i th  i n c r e a s i n g  / t ,  
p a r a m e t e r s  by  f i t t i ng  t h e  h e l i c i t y  no n f l i p  i s o s c a l a r  a m p l i t u d e  as  t aken  f r o m  the a m p l i t u d e  a n a l y s i s  by A m b a t s  et  al ,  
t h e  o p a c i t y  i s  f i xed  a t  Cop  = • ?9. T h en  t he  m o d e l  w i l l  i nv o l ve  a l t o g e t h e r  f i ve  f r e e  p a r a m e t e r s  in o r d e r  to d e s c r i b e  
c r o s s  - s e c t i o n  and  p r e d i c t  the  n o n - v a n i s h i n g  p o l a r i z a t i o n  of  t he  r e c o i l  nu c l eo n .  T h e  p a r a m e t e r  v a l u e s  in T a b l e  I dc 
" b e s t  f i t "  t o  the d i f f e r e n t i a l  c r o s s - s e c t i o n .  T h e y  r a t h e r  p r o v i d e  a good s e t  of i n i t i a l  v a l u e s  l i a b l e  to s y s t e m a t i c  im ;  
c l e a r l y  d e m o n s t r a t e  s u c c e s s  and f a i l u r e  of  t he  t r a d i t i o n a l  w e a k - c u t  r e g g e i z e d  a b s o r p t i o n  m o d e l .  F o r  t h i s  r e a s o n  w 
and  l ib  t he  c h a r a c t e r i s t i c  c o m p l e x  v e c t o r s  of the h e l i c i t y  non f l i p  and h e l i c i t y  f l ip  a m p l i t u d e s  r e s p e c t i v e l y .  T h e s e  ai 
c u t ,  t he  t h e o r e t i c a l  t o t a l  a m p l i t u d e  ob t a in ed  a s  s u m  of  p o l e  and cu t ,  and the  t o t a l  a m p l i t u d e  a s  found in the am p l i t u d  
e t  al ;  One  c o m m e n t  to  t he  a m p l i t u d e  a n a l y s i s  i s  in o r d e r .  B e c a u s e  of the a r b i t r a r y  n a t u r e  of  the o v e r a l l  p h a s e ,  A j  
a l l  t he  p h a s e s  r e l a t i v e  to t he  h e l i c i t y  no n f l i p  i s o s c a l a r  a m p l i t u d e .  T h e y  d e no t e  a p a r a l l e l  c o m p o n e n t  po in t i ng  in the  
r e f e r e n c e  a m p l i t u d e  and  a p e r p e n d i c u l a r  one  o r t h o g o n a l  to t h i s  d i r e c t i o n .  At  / t /  = 0 t h e i r  r e f e r e n c e  a m p l i t u d e  de-' 
p u r e l y  i m a g i n a r y  and  c o r r e s p o n d s  to 101°.  M o r e o v e r  by  a s s u m i n g  a r e g g e - b e h a v e d  h e l i c i t y  f l ip  i s o v e c t o r  am p l i t u d  
p h a s e  d i f f e r e n c e  o b s e r v e d  b e t w e en  t he  i s o v e c t o r  h e l i c i t y  f l ip  and t he  i s o s c a l a r  h e l i c i t y  non f l ip  a m p l i t u d e  of abou t  60 
d r a w n  th a t  b o th  a m p l i t u d e s  r o t a t e  c o u n t e r c l o c k w i s e  w i th  i n c r e a s i n g  / t /  and w i t h  t he  s a m e  v e lo c i t y .  T h i s  p h a s e  beh: 
r e s p e c t e d  by  t r a n s f e r r i n g  f r o m  " p a r a l l e l - p e r p e n d i c u l a r "  p l a n e  to the c o m p l e x  p l a ne .  H o w e v e r ,  be yo nd  / t /  = . 4 ,  tl 
d i f f e r e n c e  d i m i n i s h e s  i n c r e a s i n g l y  f a s t .  We p r e s e n t  in T a b l e  l l a  and l ib the  n u m e r i c a l  v a l u e s  of the a m p l i t u d e s  a t  / 
b y  A m b a t s  e t  a l  in t h e i r  a n a l y s i s .  T h e s e  v a l u e s  a r e ;  / t /  = . 00,  . 05,  . 1 5 ,  . 25 ,  . 35,  . 45 ,  . 55. F o r  t he  r
w e  can  on ly  c o m p a r e  w i th  A m b a t s  t o t a l  a m p l i t u d e  a t  / t /  v a l u e s  up to / t /  = . 35. F o r  t he  v a l u e s  / t /  = . 4 5 and . 55 w 
the  m a g n i t u d e  bu t  no t  w i t h  t he  p h a s e ,  s i n c e  t h i s  p h a s e  d e p e n d s  on a m o d e l  f o r  the i s o s c a l a r  r e f e r e n c e  a m p l i t u d e .  ( 
In T a b l e  l ie  w e  a r r a n g e  r e a l  and i m a g i n a r y  t o t a l  t h e o r e t i c a l  a m p l i t u d e s  a s  c a l c u l a t e d  by  the t r a d i t i o n a l  a b s o r p t i o n  r 
t he  p o l a r i z a t i o n  a c c o r d i n g  to t he  f o r m u l a  -
P o l a r i z a t i o n  = - 2 I m T ‘^ T ^ ^ / d i f f e r e n t i a l  c r o s s  s e c t i o n  
T h e  o b s e r v a b l e s  a s  g iven  in T a b l e  l i e  a r e  g ive n  by A m b a t s  f o r  t he  a d d i t i o n a l  / t /  v a l u e s  o f  / t /  = . 65 and . 8. T h e s e  
ex h ib i t  c l e a r l y  t he  s t r u c t u r e  of  t h e  o b s e r v a b l e s .  .Ve s e e  in fig.  1 the  d i f f e r e n t i a l  c r o s s  s e c t i o n  m e a s u r e d  in m b / .  
c o n t r i b u t i o n s  to t he  m o m e n t u m  t r a n s f e r  d i s t r i b u t i o n s  f r o m  the  p o l e ,  t he  cu t ,  and  t he  p o l e  + cut .  C o m p a r e  T a b l e  Il< 
r e s u l t s ,  t h e  t h e o r e t i c a l  d i f f e r e n t i a l  c r o s s  s e c t i o n  In c o lu m n  3 and t he  e x p e r i m e n t a l  v a l u e s  in c o l u m n  4.  I m m e d i a t e
:: -  S Z -
t h e o r e t i c a l  c u r v e  d e v i a t e s  f r o m  an e x c e l l e n t  d e s c r i p t i o n  of  the e x p e r i m e n t a l  d i f f e r e n t i a l  c r o s s  s e c t i o n  up  to / t /  = 
t h i s  v a lu e .  A l th ou gh  t he  d ip  up  to / t /  =, 025 i s  at  t he  c o r r e c t  p o s i t i o n ,  it  i s  v a s t l y  u n d e r e s t i m a t e d .  F u r t h e r m o r e ,  
a t  / t /  = . 8  c a n n o t  be  r e a c h e d  a t  t he  h e i g h t s  i t  s hou ld  be .  N e v e r t h e l e s s ,  bey on d  / t /  = . 4  the  t h e o r e t i c a l  c u r v e  s t i l l  
q u a l i t a t i v e  f e a t u r e  of  the d a t a .
In F ig .  2 w e  s e e  t h a t  the  p r e d i c t e d  p o l a r i z a t i o n  i s  d i s a s t r o u s l y  w r o n g .  . T h i s  i s  p a r t i c u l a r  to t he  t r a d i t i o n a l  ab so r p t i c  
s t r o n g  o r  w e a k  n a t u r e ,  and d e m o n s t r a t e s  i t s  m o s t  s e r i o u s  f a i l u r e .  S ince  the  r a t e  of ch an ge  of the  d i f f e r e n t i a l  c r o s j  
to  the s c a t t e r i n g  an g l e  i s  p r o p o r t i o n a l  to the  p o l a r i z a t i o n ,  w e  o b s e r v e  t h a t  the  90% m i n i m u m  of t he  p o l a r i z a t i o n  i s  r  
p o s i t i o n  a s  t he  d ip  in t he  d i f f e r e n t i a l  c r o s s  s e c t i o n .  T h i s  d ip  in t u r n  o r i g i n a t e s  in NWSZ of bo th  h e l i c i t y  p o l e s  a t  /'t /  
f i l l s  in t he  z e r o  i n s u f f i c i e n t l y ,  y e t  m o v e s  i t  t o the  d e s i r e d  p o s i t i o n .  A d i f f e r e n t  ch o i c e  of  the  p a r a m e t e r s  f o r  t he  t r  
e x e r t  a s t r o n g  i n f l u en ce  on the  p d s i t i o n  of t he  d ip ,  and t he  m i n i m u m  of the  p o l a r i z a t i o n .  T h e y  cou ld  bo th  be m o v e d  i 
f o r  ( / t / )  = . 5 -1 .  00 / t /  f o r  e x a m p l e .  We  s e e  in fig.  1 t h a t  the s i ng l e  r h o  po l e  f i t s  the  d i f f e r e n t i a l  c r o s s  s e c t i o r
t h e  z e r o  w h ic h  h a s  t o  be  f i l l ed ,  in.  In p a r t i c u l a r  t he  p o l e  a l o ne  ex h ib i t s  t he  f o r w a r d  t u r n  o v e r  a r o u n d  / t /  = . 05,  givii 
the d o m i n a t i n g  p r e s e n c e  of  the h e l i c i t y  f l ip  a m p l i t u d e  w h ic h  w a s  only s u p p r e s s e d  by t he  a n g u l a r  m o m e n t u m  f a c t o r  a t  
to T a b l e  I la).
Of  g r e a t e r  i m p o r t a n c e  to  o u r  d i s c u s s i o n ,  h o w e v e r ,  i s  the sp e c i f i c  w ay  in w h ic h  t he  t r a d i t i o n a l  a b s o r p t i o n  h a p p e n s  to 
p o l a r i z a t i o n .  T h e  t h r e e  p a r t s  of T a b l e  II co n t a in  a l l  the  i n f o r m a t i o n  on a m p l i t u d e  l e v e l  n e c e s s a r y  to  u n d e r s t a n d  t he  
T h e  h e l i c i t y  r e g g e  p o l e s  do no t  d i f f e r  in t h e i r  p h a s e .  T h e y  s t a r t  (in o u r  p a r t i c u l a r  c a s e )  a t  43.  20°  and r o t a t e  an t i cL  
72. 36*  ^ p e r  u n i t s  in / t /  a r o u n d  t he  o r i g i n  of  the A r g a n d  d i a g r a m .  Wi th  a c on f i de nc e  up  to / t / =  . 35 t he  a m p l i t u d e  anal 
b e h a v i o u r  on ly  fo r  t he  h e l i c i t y  f l ip  a m p l i t u d e .  T h e  h e l i c i t y  no n f l i p  a m p l i t u d e ,  on the c o n t r a r y ,  r o t a t e s  in a c lockwi se  
p o l a r i z a t i o n  i s  g e n e r a t e d  by the r e l a t i v e  p h a s e  d i f f e r e n c e  b e tw ee n  the h e l i c i t y  f l ip and the h e l i c i t y  non f l i p  a m p l i t u d e ,  
sh ou ld  be  p o s i t i v e .  T r a d i t i o n a l  a b s o r p t i o n  t r e a t s  the  h e l i c i t y  non f l i p  po l e  a s  r e l a t i v e l y  s t r o n g  by  c o m p a r i s o n  w i th  the 
s t r o n g  a b s o r p t i o n  in the h e l i c i t y  non f l i p  c a s e  i s  a c c o m p a n i e d  by  a p h a s e  of  the cu t  r e l a t i v e  to the one  of the  pole  whic  
l e t  u s  s a y ,  t y p i c a l l y  5°.  Such  a cu t  m a k e s  t he  po l e  l o s e  abou t  one d e g r e e  a t  / t /  = 0. By  c o m p a r i s o n ,  a l t h oug h  t h e  1 
out  of p h a s e  w i th  the  p o l e ,  i t s  s t r e n g t h  is  so  w e a k  t ha t  i t  a f f e c t s  the  po l e  l e s s  in p h a s e .  F o r  t h i s  r e a s o n  t r a d i t i o n a l  a 
v/ i th p o s i t i v e  p o l a r i z a t i o n  , due  to t he  s m a l l  p o s i t i v e  p h a s e  d i f f e r e n c e .  We  ha ve  c h o s e n  the s l ope  of  the h e l i c i t y  f l ip  r  
h e l i c i t y  non f l i p  r e s i d u e .  (See  T a b l e  I ) .  T h i s  i n c r e a s e s  bo th  t he  r e l a t i v e  p h a s e  of f l ip  cu t  to f l ip  po le  and the f l ip  cul 
r o u g h l y  in c o m p a r i s o n  to e q u a l  r e s i d u e  s l o p e s .  Due  to t h i s  the p o s i t i v e  s t a r t  of  the p o l a r i z a t i o n  i s  l o s t .  T h i s  d i f f é r é :
wit! i  r e s p e c t  to t he  m a j o r  a l t e r a t i o n s  w h i c h  t r a d i t i o n a l  a b s o r p t i o n  h a s  to u n d e r g o .  T h e  r e a s o n  t h a t  t r a d i t i o n a l  a b s o r j  
p o l a r i z a t i o n  on ly  in a v e r y  s m a l l  / t /  r e g i o n  0 / t /  A . 075,  i s  due to the d i f f e r e n t  s t r e n g t h s  by  w h ic h  the  h e l i c i t y  po l e
h e l i c i t y  f l ip  po le  l o s e s  s l i g h t l y  on s t r e n g t h  a f t e r  i t  h a s  been  a b s o r b e d ,  the  e f f e c t  on i t s  p h a s e ,  e s p e c i a l l y  f o r  s m a l l  / t /  
b e h a v i o u r  i s  s h a r p l y  in c o n t r a s t  to t h a t  of  t he  h e l i c i t y  non f l i p  po le .  See  T a b l e s  Ilb and Ila.  A w a y  f r o m  / t /  = 0 t he  p( 
by  t he  r e l a t i v e  "rotat ion v e l o c i t y  p e r  / t /  of h e l i c i t y  nonf l i p  cu t  and po l e .  In the  t r a d i t i o n a l  a b s o r p t i o n  the ro t a t i o n  velo(  
w i th  the  po l e  is  a l m o s t  n eg l i g ib l e  ab ou t  4 - 5  d e g r e e  p e r  / t /  c o m p a r e d  w i th  the  72° of t he  po le .  T h u s , a l t h ou gh  t he  cu t  
the  po l e  i s  a l r e a d y  a t  v e r y  s m a l l  , / t /  out  of  p h a s e  w i th  t he  cu t  by  180°.  F r o m  then  o n w a r d , the  a b s o r b e d  po l e  s t a r t s  t 
r o t a t i o n  aw a y  f r o m  the  w e a k l y  a b s o r b e d  h e l i c i t y  f l ip  po l e  w h o s e  p h a s e  r e m a i n s  v i r t u a l l y  u n a f f ec t e d . '  T h u s ,  in p r i n c i p  
b e tw e e n  h e l i c i t y  no n f l i p  cu t  and  p o l e  p a s s e s  t h r o u g h  180° t he  p h a s e  d i f f e r e n c e  b e t w ee n  the two h e l i c i t y  a m p l i t u d e s  i s  |  
p o s i t i v e  to n e g a t i v e .
We  h a v e ,  in f ig.  3 -9 .  d i s p l a y e d  t he  s t r u c t u r e  Of the  h e l i c i t y  a m p l i t u d e s  fo r  the  i s o v e c t o r  e x c h a n g e  as  o b t a in ed  w i t h  the  t 
r e g g e i z e d  a b s o r p t i o n  m o d e l .  F i g  3 sh ow s  t he  m o du l i  of the h e l i c i t y  nonf l ip  a m p l i t u d e .  I t s  s t r u c t u r e  r e f l e c t s  the two  f 
a b s o r p t i o n  -  t he  NWSZ h a s  b e e n  sh i f t ed  f r o m  /  t  /  = . 65 to a s m a l l e r  v a l u e  in / t / .  At  t he  s a m e  t i m e  t he  z e r o s  of t he  r  
p a r t  b e c o m e  s e p a r a t e d .  T h i s  s e p a r a t i o n  c o n v e r t s  the  z e r o  of  the  r e g g e - p o l e  in the  d i f f e r e n t i a l  c r o s s  s e c t i o n  in to  a dij  
t he  d i f f e r e n t i a l  c r o s s  s e c t i o n .  T h u s  t he  s e p a r a t i o n  i s  a c t u a l l y  n e e d e d ,  bu t  wh at  the  d i f f e r e n t i a l  c r o s s  s e c t i o n  ca n n o t  t( 
s e p a r a t i o n  h a s  u n f o r t u n a t e l y  be en  a r r a n g e d  the w r o n g  w a y  ro u nd  by t r a d i t i o n a l  a b s o r p t i o n .  T h i s  cou ld  only  be r e v e a l c '  
d a t a  now a v a i l a b l e  f o r  l a r g e r  v a l u e s  in / t / .  T h e  A r g a n d  d i a g r a m  in f ig.  8a  c l e a r l y  d e m o n s t r a t e s  the z e r o  s t r u c t u r e  of 
a m p l i t u d e  w h e r e  w e  h a v e  g iven  the pol e  and show t h a t  t he  cu t  p l a c e s  t he  z e r o  of t he  r e a l  p a r t  at  / t /  = . 25 and the z e r o  
p a r t  a t  / t /  = . 325 ( G e V / c ) ^  . F o r  c o m p a r i s o n  w e  h a v e  d r a w n ,  in t he  s a m e  f i g u r e ,  the  a m p l i t u d e  a s  o b t a i ne d  in the am] 
A m b a t s  e t  a l .  w h i c h  p l a c e s  the  z e r o  o f  t h e  r e a l  p a r t  a t  abou t  / t /  = . 25 ( G e V / c )  and  t he  z e r o  of the i m a g i n a r y  p a r t  at 
N o t e ,  h o w e v e r ,  t h a t  t h o s e  v a l u e s  a r e  f ound in t h e  p a r a l l e l  p e r p e n d i c u l a r  p l a n e  in r e f e r e n c e  to the i s o s c a l a r  h e l i c i t y  no  
h a s  been  t ake n  a s  the p a r a l l e l  c o m p o n e n t .  T h e r e  t h e s e  v a l u e s  a r e  d e t e m i n e d  by  A m b a t s  et  al .  w i t h  a p r e c i s i o n  w h ic h  i 
m i n a t i o n s .  T h e  v a l u e  of  t he  c r o s s o v e r  i s  known in t h i s  p l a n e  w i th  an a c c u r a c y  up to . 025 and  p l a c e d  a t  / t /  =. 1 5 (GeV 
into  t h e  c o m p l e x  p l a n e  r e q u i r e s  a m o d e l  f o r  t h e  p h a s e  of t he  r e f e r e n c e  a m p l i t u d e .  One  a s s u m p t i o n  ab ou t  t h i s  p h a s e  is 
et  a l  h av e  t ak en  i t .  t h a t  t he  p h a s e  of the  i s o s c a l a r  non f l i p  a m p l i t u d e  b e h a v e s  in a v e r y  s i m i l a r  f a sh io n  to t h e  h e l i c i t y  fli 
It r o t a t e s  a n t i c l o c k w i s e  w i t h  t he  v e l o c i t y  of  a r e g g e  po l e  s t a r t i n g  by b e in g  ou t  o f  p h a s e  of abou t  60°  w h i c h  a m o u n t s  t o  ;
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T h i s  i n i t i a l  v a lu e  and i t s  s e n s e  of  r o t a t i on  a g r e e s  w i th  d i s p e r s i o n  r e l a t i o n s .  T h i s  a s s u m p t i o n  is  only  r e l i a  
v a l u e  of  abou t  / t /  = . 35 ( G eV / c ) .  F o r  l a r g e r  v a lu e s  in / t /  h o w e v e r ,  a r o t a t i on  in the op pos i t e  d i r e c t i o n  s< 
su ch  t ha t  t he  a m p l i t u d e  c r o s s e s  the  p os i t i v e  i m a g i n a r y  ax i s  a t  abou t  . 8 4 /t /Z. 1. 00 into t he  f i r s t  q u a d r a n t  ags 
i nvo lv ing  e l a s t i c  s c a t t e r i n g  a s  an a b s o r p t i v e  f a c t o r ,  w h ic h  t a k e s  in f o r m  of an a p p r o p r i a t e  p a r a m e t e r i z a t i o i  
o f  the i s o s c a l a r  a m p l i t ud e  into a cc o u n t  c an  s a t i s f y  w i th in  t he  f r a m e  o f  s t r o n g  a b s o r p t i o n  a p o s i t i v e  p o l a r i z a  
O u r  f i n a l  a i m ,  h o w e v e r ,  i s  to c o n s t r u c t  bo th  i s o sp in  a m p l i t u d e s  out  of p o l e s  vi th  the c o r r e c t  ab s o r p t i o n  p r  
a b s o r p t i o n ,  i f  app l i ed  to a  c o m p l i c a t e d  e f f ec t i ve  P o m e r o n ,  s e e m s  to l e a d  o c c a s i o n a l l y  to c o r r e c t  r e s u l t s  in 
g e n e r a l l y  i nv o lv e s  a g r e a t  n u m b e r  of  p a r a m e t e r s  w h o se  o r i g in  r e m a i n s  unknown (10). ■ On t he  o t h e r  han d ,  o 
r e s i d u e s  of t he  p o m e r o n  q u a s i  e i k o n a l i s e  and c o m p l i c a t e  t he  r e g g e  r e s i d u e s  of the  r h o - p o l e  and q u a s i  e ikon 
i n t r o d u c t i o n  of  / t /  d ep en d en t  sh o w e r  f a c t o r s  and in t h i s  way  obt a in  a s a t i s f y in g  d e s c r i p t i o n  fo r  the p i o n -nuc  
r a n g e  in / t /  up to / t /  =; 2. 00 (G e V / c )^  and  fo r  d i f f e r e n t  e n e r g i e s  a s  a c c o m p l i s h e d  w i th in  t he  f r a m e  of G r ib o  
Sh. H. E r e m y a n  (23).  T h i s  i s  the b e s t  d e s c r i p t i o n  e v e r  a ch i eved .  T h e  n u m b e r  of p a r a m e t e r s  i s  s t i l l  g r e a t  
s e a r c h  fo r  an a l t e r n a t i v e ,  w h ic h  hope fu l l y  wou ld  r e s u l t  in l e s s  p a r a m e t e r s  o r ,  if  n o t ,  t hen a t  l e a s t  t h o s e  p: 
w h i c h  i s  l e s s  o b s c u r e .  We  a r e  go ing  to g r a d u a l l y  bu i l d  up  s uc h  a m o de l .  A t  t h i s  s t ag e  we  have  d i s c u s s e d  
w e a k  cu t  a b s o r p t i o n  by  a s s u m i n g  a s i m p l e  f o r m  of the e l a s t i c  s c a t t e r i n g  am p l i t u d e  - n a m e l y  t he  Pome  ro n  - 
p u r e l y  i m a g i n a r y  and f i xed  po l e  and t h e  e f f e c t i v e  a m p l i t ud e  n a m e l y  t he  t o t a l  i s o s c a l a r  a m p l i t ud e  i t s e l f .  Th 
i s o v e c t o r  a m p l i t u d e  through the p r o c e s s  of  a b so r p t i on .
T h e  i n c o r r e c t  r e l a t i v e  p h a s e  b e t w ee n  t he  two he l i c i t y  a m p l i t u d e s  a s  s e e n  in f ig.  5 c a u s e s  t he  p o l a r i z a t i o n  to 
w r o ng .  N o t e  the p r o p o r t i o n a l i t y  b e tw een  fig.  2 and fig.  5. F ig ,  3 a l s o  show s  the m o d u l u s  of  the  h e l i c i t y  fli 
d i s t i n c t  m i n i m u m  due to t h e  NWSZ though  i t  i s  sh i f t ed  down to . 55,  the a c tu a l  po s i t i on  of  the  dip.  N o t e  t h a  
t he  h e l i c i t y  non f l i p  a m p l i t u de  w h ic h  i s  t he  c a u s e  of the w ro n g  p o l a r i z a t i o n .  T h e  p h a s e  of  t he  he l i c i t y  f l ip : 
to  / t /  = . 35 o r  . 4,  in a c c o r d a n c e  w i th  t he  am p l i t u d e  a n a ly s i s .  F ig .  6 and fig.  7 v i s u a l i s e  the  am p l i t u d e s  at 
and  d e m o n s t r a t e  s u g g e s t i v e l y  t he  ro t a t i o n  and sh r i n k i n g  p r o p e r t i e s  of  t he  po l e  b e f o r e  an d  a f t e r  ab so r p t i o n  1 
t he  a c c e l e r a t i o n  o f  the po l e  due to  a b s o r p t i o n  in a n t i c l o c k w i s e  d i r e c t i o n  and  o b s e r v e  the l i t t l e  e f f ec t  a b s o r p  
f l ip  po l e  a t  s m a l l  / t / .  We h av e  in fig.  8b e n l a r g e d  the A r g a n d  d i a g r a m  of  f ig.  8a  f o r  l a r g e r  v a l u e s  of / t /  n 
T h i s  w i l l  b e  p a r t i c u l a r l y  r e l e v a n t  in the  c a s e  of t he  he l i c i t y  f l ip  am p l i t u d e  d i s p l a y e d  in t he  A rg an d  d i a g r a m  
a m p l i t u d e  i s  g o v e r n e d  by  t he  e l a s t i c  p o l a r i z a t i o n  u n a m b i g u o u s l y  known up to / t /  = 2. 00. E l a s t i c  p o l a r i z a t  
t he  r i s e  and  f a l l  of  m o d e l s  in s t r o n g  i n t e r a c t i o n s .
* R o s s  ** A n d e r s o n  e t  a l  *  ** H a r t l e y  and Kane
-T r a d i t i o n a l  r é g g e i z e d  A b s o r p t i o n  m o d e l  a t  f i xe d  en e f gy !  ( f ixed  e n e r g y  i s  i n d i c a t e d  t h r o u g h  h a t s  on t h e  re l (  
T h e  P o m e r o n  i s  s - c h a n n e l  h e l i c i t y  c o n s e r v i n g ,  p u r e l y  i m a g i n a r y  and  s t a t i o n a r y .
H e l i c i t y  n o n - f l i p  -  ( N o n - r o t a t i n g  p a r t  of  t he  cu t ) (Ro ta t i n g  p a r t  o f  t h e  cu t )
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T h e  p a r a m e t e r s  of t he  t r a d i t i o n a l  r e g g e i z e d  a b s o r p t i o n  m o d e l  u s e d  a s  a s e t  o f  r  
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R e l a t i v e  p h a s e  b e t w e e n  h e l i c i t y  f l i p  i s o v e c t o r  ' 
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T r a d i t i o n a l  a b s o r p t i o n  m o d e l  ( p u r e l y  i m a g i n a r y  a n d  s t a t i o n a r y  P o m e r o n  
and  A  cu t  = 1. 00)
S e e  T a b l e  I ! a  f o r  n u m e r i c a l  v a l u e s
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T r a d i t i o n a l  a b s o r p t i o n  m o d e l  ( p u r e l y  i m a g i n a r y  an d  s t a t i o n a r y  P o m e r o n  
an d  / \  c u t  = 1. 00)
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VI.  II -  T h e  G r ib o v  Cu t  r e p r e s e n t e d  a s  v e c t o r  in the A r g a n d  D i a g r a m
T h e  p a r a m e t e r i z a t i o n  of  t he  cu t  a l l o w s  f o r  a  m o v i n g  h e l i c i t y  c o n s e r v i n g  P o m e r o n  w i t h  r e d  p a r t  in f o r w a r d  d i r e c t i o n ,  
c o r r e l a t i o n  p a r a m e t e r  c c a n  b e  h e l i c i t y  d e p e n d e n t  and  h a s  a s l ow  e n e r g y  d e p e n d e n c e  in o r d e r  to  s t a b i l i z e  a p o s s i b l e  i 
d t p en d e n t  e o f  the p h a s e .  T h e  a c t u a l  v a l u e s  of t he  p a r a m e t e r s  g ive  r i s e  to a s e t  of m o d e l s ,  ou t  o f  w h ic h  w e  choo. se  th 
s a t i s f i e s  the o p t i m u m  b e t w e e n  t h e o r e t i c a l  c o n s t r a i n t s  and p h e n o m e n o l o g i c a l  n e c e s s i t y .
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We h a v e  s p l i t  t h e  c u t  i n to  "no n  r o t a t i n g "  a n d  " r o t a t i n g "  v e c t o r s  in t he  c o m p l e x  p l a n e  i n d i c a t e d  by  1 and  2 r e s p e c t i v e l y .  
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VI.  I l l  - S e v e r a l  Mod e l  V a r i a n t s  t o w a r d s  the  so lu t i on  of  the  p h a se  p r o b l e m  of t he  h e l i c i t y  n o n n i p _  
i s o v e c t o r  am p l i t u d e
VI.  111. 1 -  Mod e l  V a r i a n t  la  -  P u r e l y  R e a l  C o r r e l a t i o n  Modej.
_ t he  s -  c h a n n e l  h e l i c i t y  c o n s e r v i n g  e f f ec t i v e  p o m e r o n  i s  p u r e l y  i m a g i n a r y  and  s t a t i o n a r y .
/ t /  = O
P u r e l y  r e a l  c o r r e l a t i o n  p a r a m e t e r  c g iv e n  in u n i t s  of  ( G e V / c ) ~ ^
It  i s  known  t h a t  by  c o m p a r i s o n  to t he  h e l i c i t y  f l ip  a m p l i t u d e  t he  h e l i c i t y  n o n - f l i p  a m p l i t u d e  n e e d s  to  be  str< 
W i t h ou t  h a v in g  t o  i n v o k e  an e n h a n c e m e n t  f a c t o r  of  t h e  M i ch ig a n  t y p e ,  one  c a n ,  w i t h  t he  h e l p  of t he  c o r r e l a  
s t r e n g t h e n  o r  w e a k e n  t h e  c u t  in f o r w a r d  d i r e c t i o n  a t  w i l l ,  d e p e n d i n g  on w h e t h e r  one  c h o o s e s  a n e g a t i v e  o r  
H o w e v e r ,  t he  r a t i o  of  n o n - r o t a t i n g  to r o t a t i n g  s t r e n g t h  w i l l  q u i c k l y  d e v i a t e  f r o m  1 t o w a r d s  l a r g e r  v a l u e s ,  
b e c a u s e ,  i f  the m o d e l  h a s  an y  c h a n c e  to r e c t i f y  t h e  s i t u a t i o n ,  one  w ou ld  e x p e c t  a  cu t  w h i c h  i s  s t r o n g e r  in : 
i t s  r e a l  p a r t .  T r a d i t i o n a l l y ,  b o th  p a r t s  a r e  a p p r o x i m a t e l y  e q u a l l y  s t r o n g l y  a b s o r b e d .  T h e  i n c r e a s e  of  th 
m a t t e r s  even  w o r s e .  In f a c t ,  a l t h o u g h  t he  i n i t i a l  p h a s e  of  t he  r o t a t i n g  cu t  i s  s t r o n g l y  r o t a t e d  in a n t i c l o c k ’, 
t he  cu t  s t r e n g t h ,  t h e r e  i s  no w a y  t o  r o t a t e  t he  n o n - r o t a t i n g  p a r t  of  t he  cu t ,  s i n c e  w e  h a v e  u s e d  a s t a t i o n a r  
r a t i o  p r e v e n t s  an y  s u b s t a n t i a l  n e t  ga in  in p h a s e  f o r  t he  t o t a l  cu t  f r o m  be ing  m o r e  t han  a f ew  d e g r e e s  a t  a t 
to  a M ic h ig a n  e n h a n c e m e n t  f a c t o r  o f  ab o u t  A = 2. Any  f u r t h e r  a t t e m p t  to i n c r e a s e  the  s t r e n g t h  w i t h  the h 
r e s u l t s  in a s e v e r e  l o s s  in p h a s e .  F o r  e x a m p l e ,  u s i n g  the  p a r a m e t e r s  s p e c i f i e d  in t a b l e  I, we  ob t a in  a t r  
a n g l e  of 228.  51° w i t h  a s t r e n g t h  of  a b ou t  ViQ the  po l e  in the  c o m p l e x  p l a n e ,  w h i c h  l e a v e s  a r e l a t i v e  ar  
185. 31 d e g r e e s .  T h i s  i s  m u c h  t oo  c l o s e  to  t he  c r i t i c a l  v a l u e  of  180° w h e r e  t he  p o l a r i z a t i o n  c h a n g e s  i t s  sig 
T h e  c o r r e l a t i o n  p a r a m e t e r  c o r r e s p o n d i n g  to = 2 h a s  t he  v a lu e  c = -1. 8 k e e p i n g  e v e r y t h i n g  e l s e  f i xed ,  
h a s  r e a c h e d  t he  o p t i m a l  n e t  g a in  in p h a s e  n a m e l y  3. 18°. W i t h  c = -2 .  2 c o r r e s p o n d i n g  to  a / \  = 2. 52,  th'  
t h an  t h e  t r a d i t i o n a l  a b s o r p t i o n  wou ld  g i v e ,  n a m e l y  227.  77°.  T h e  r e a s o n  fo r  t h i s  b e h a v i o u r  i s  t h a t  f o r  a si 
n o n - r o t a t i n g  p a r t  of  t he  c u t  p o s s e s s e s  a s i n g u l a r i t y  d u e  to the  i n t r o d u c t i o n  of  c .  F o r  t he  p a r t i c u l a r  p a r a n  
t h i s  s i n g u l a r i t y  o c c u r s  a t  c = - 2 . 9 2 5 .  T h e  r o t a t i n g  p a r t  o f  the  cu t ,  by  c o n t r a s t ,  c a n n o t  p o s s e s s  s u c h  a si; 
o f  t he  R e g g e  s l o p e  in t he  d e n o m i n a t o r .
-  \ 2 _ 7 '
M od e l  V a r i a n t  la
0 <  / t / ^ .  35 (G e V / c ) ^
P u r e l y  r e a l  c o r r e l a t i o n  p a r a m e t e r  c
A l th o ug h  t he  i n t r o d u c t i o n  of  a p u r e l y  r e a l  c n a m e l y  R e  c= -1. 8 ( G e V / c )  ^ r e s u l t e d  only  in a n e g l i g ib l e  n e t  g 
a few d e g r e e s ,  t h e r e  i s  s t i l l  hope  t h a t  t he  s i t u a t i o n  m i g h t  i m p r o v e  once  / t /  s t a r t s  to i n c r e a s e .
T h e  n a t u r e  of t he  f a i l u r e  o f  the  t r a d i t i o n a l  a b s o r p t i o n  m o d e l  i s  t he  un fo r tu n a t e '  e f f ec t  of  the c o m b i n a t i o n  of  ii 
f e a t u r e s  -
(1) The r e l a t i v e  c u t  po l e  p h a s e  is  t oo  c l o s e  to 180° a t  / t /  = 0 ( G e V / c ) ^
(2) A l tho ug h  t he  cu t  r o t a t e s  w i th  i n c r e a s i n g  / t /  a w a y  f r o m  the p o l e ,  it  d o e s  so  too  s l ow ly  by
c o m p a r i s o n  w i th  the  f a s t  f o l l owing  p o l e ,  t hu s  t he  po le  a l r e a d y  c a t c h e s  up w i th  t he  cu t  a t
t he  c r i t i c a l  p h a s e  d i f f e r e n c e  of 180° a t  v e r y  s m a l l  f t /  v a l u e s  and t h e r e  c a u s e s  t he  p o l a r i z a t i o n
to  c h an g e  i t s  s ign  f r o m  p o s i t i v e  to n e g a t i v e .
B y  s w i t c h in g  on t he  n e g a t i v e  and  p u r e l y  r e a l  c o r r e l a t i o n  one  no t  on ly  i n c r e a s e s  t he  cu t  s t r e n g t h  at  f o r w a r d  
w e a k e n s  t he  e x p o n e n t i a l  f a l l - o f f  of the  cu t  s t r e n g t h  w i th  i n c r e a s i n g  f t /  e. g. f o r  R e c  = -1. 8 (G e V / c )  ^ t he  s 
by  a q u a r t e r  of  i t s  f o r m e r  va lu e .  A l s o ,  non r o t a t i n g  and  ro t a t i n g  s l op e  f a l l - o f f  in the  c a s e  of  the  t r a d i t i o n a l  
a r e  s l i g h t l y  d i f f e r e n t  ( the r o t a t i n g  p a r t  a b i t  f a s t e r  t han  the  non ro t a t i n g  p a r t ) .  At  R e c  = -1. 8 (G e V / c )  ^ ho 
i s  e x a c t l y  equa l .  A f u r t h e r  i n c r e a s e  in R e c  l o w e r s  bo th  s l o p e s  c o n s i d e r a b l y  q u i c k l y ,  bu t  d o e s  so fo r  t he  no 
i n c r e a s i n g l y  f a s t e r  t han fo r  t he  ro t a t i n g  p a r t .  Aga in  t h i s  i s  a con s e q u e n c e  of t he  s i n g u l a r i t y  a t  R e c  = -2 .  92 
n o n - r o t a t i n g  p a r t .
T h e  h ope  t h a t  t he  d i s a p p o i n t i n g  s i t u a t i o n  m e t  in f o r w a r d  d i r e c t i o n  m i g h t  i m p r o v e  a w a y  f r o m  f t /  = 0 (G e V / c '  
m o d e l  v a r i a n t  i s  u n s u b s t a n t i a t e d  b e c a u s e  we  o b s e r v e  t h a t  R e c  no t  on ly  c an no t  i n i t i a t e  a r o t a t i o n  of  the non - :  
b u t  a l s o  s l o w s  down the  a l r e a d y  e x i s t i n g  ro t a t i o n  v e l o c i t y  of the r o t a t i n g  p a r t  of  the  t r a d i t i o n a l  a b s o r p t i o n  c 
c a u s e s  a c o m p l e t e  s t a n d s t i l l .
-  128 -
VI. 111. 2 - Mod e l  V a r i a n t  Ib - c o m p l e x  c o r r e l a t i o n  m o d e l  as  a c r o s s i n g  s y m m e t r y  v io l a t i n g  so lu t i on  t o  the  
p h a s e  p r o b l e m  of  the h e l i c i t y  no n f l i p  i s o v e c t o r  a m p l i t u d e
/ t /  = 0 ( C e V / c f
C o m p l e x  c o r r e l a t i o n  p a r a m e t e r  c
Due  to the u n w a n t e d  i n c r e a s e  in s t r e n g t h  of t he  n o n - r o t a t i n g  p a r t  of  the  cu t  r e l a t i v e  to the r o t a t i n g  p a r t ,  the  
r e a l  c o r r e l a t i o n  p a r a m e t e r  h a s  so  f a r  been  d i s a p p o in t i n g .  By  a l l owing  fo r  an i m a g i n a r y  p a r t  of the  c o r r e l a  
the  i n c r e a s e  and  k e e p  IhG r c t i o  a t  1 i f  one  a c c o m p a n i e s  t he  R ec  = -1. 8 (G e V / c )  ^ w i th  an Imc  = +. 63 (GeV 
the  p r e s e n c e  of  the  i m a g i n a r y  p a r t  of  t he  c o r r e l a t i o n  c a u s e s  the  non - r o t a t i n g  p a r t ,  w h i c h  i s  t r a d i t i o n a l l y  pi 
a c q u i r e  an i m a g i n a r y  p a r t .  U n f o r t u n a t e l y  t he  r a t i o  s t a b i l i z i n g  p o s i t i v e  Imc r o t a t e s  bo th  n o n - r o t a t i n g  p a r t  a 
c l o c k w i s e  s u c h  t ha t  t he  ne t  e f f e c t  f o r  t he  t o t a l  cu t  p h a s e  a t  / t /  = 0 (G e V / c ) ^  i s  m u c h  w o r s e  t han i t  wou ld  be  
t r a d i t i o n a l  a b s o r p t i o n .
A n e g a t i v e  i m a g i n a r y  p a r t  of  c c a n ,  h o w e v e r ,  a c c o u n t  in f o r w a r d  d i r e c t i o n  e x a c t l y  f o r  the  s t r o n g  ab so r p t i o n  
p a r t  o f  t he  po l e  p a r t i a l l y  o r  even  t o t a l l y  a t  the  e x p e n s e  of  t he  r e a l  p a r t .  A b s o r p t i o n  mod i f y in g  m o d e l s  ( IQ 
s u c h  a b e h a v i o u r  of  t h e i r  cu t  in an ad  hoc  f a sh io n  and  h a v e  p r o d u c e d  s e v e r a l  b a s i c  f e a t u r e s  of  the o b s e r v a b l  
c o r r e c t l y .  By  i n t r o d u c i n g  a c o m p l e x  c o r r e l a t i o n  w e  p r o d u c e  t h i s  b e h a v i o u r  n a t u r a l l y .  If  w e  c h o o s e  f o r  ex :  
and  Im c  = - I .  35 ( G e V / c ) " ^  w e  ob t a in  a p u r e l y  i m a g i n a r y  c u t  a t  f o r w a r d  d i r e c t i o n  w h o s e  s t r e n g t h  c o r r e s p o n
'  \ 2 ^ -
Mo d e l  v a r i a n t  Ib 
0 <  / t /  4  . 3 5  (G e V / c ) ^
C o m p l e x  c o r r e l a t i o n  p a r a m e t e r  c
We  h a v e  r e m a r k e d  t h a t  t he  r e a s o n  fo r  t he  p e r s i s t e n t  f a i l u r e  of  the  t r a d i t i o n a l  a b s o r p t i o n  cu t  i s  due  to i t s  too  ea r l ;  
d i a g r a m  a t  / t /  = 0 ( G e V / c ) ^  t o g e t h e r  w i t h  i t s  t oo  s l ow  r o t a t i o n  w i th  i n c r e a s i n g  / t / .  T h i s  c a u s e s  t he  t o t a l  am p l i t '  
c l o c k w i s e  w h ic h  s p e e d s  up w he n  t h e  180° r e l a t i v e  c u t - p o l e  p h a s e  b o r d e r  h a s  be en  c r o s s e d .  T h i s  is  in c o m p l e t e  c< 
a c t u a l  b e h a v i o u r  of  the  a m p l i t u d e ,  a s  h a s  b ee n  r e v e a l e d  by  m o d e l  i n d e p e n d e n t  d e t e r m i n a t i o n s  of the a m p l i t u d e .  1 
f e a t u r e  of  t he  a m p l i t u d e  in t he  / t /  r e g i o n  u n d e r  c o n s i d e r a t i o n  is  i t s  z e r o  s t r u c t u r e .  E s p e c i a l l y  w h e r e  the  " c r o s s '  
to  t he  z e r o  of t he  p a r a l l e l  p a r t  i s  c o n c e r n e d  (p a r a l l e l  w i th  r e s p e c t  to  the  d o m i n a t i n g  h e l i c i t y  non f l ip  i s o s c a l a r  r  
a n a l y s i s  by  A m b a t s  e t  a l  h a s  a de f i n i t e  a d v a n t a g e  o v e r  o t h e r s .  T h e  m o r e  p r e c i s e  d e t e r m i n a t i o n  o f t h i s  z e r o  at  /  
due  to t h e i r  p a r  t i c  l e - a n t i - p a r t i c l e  r e l a t i v e  n o r m a l i z a t i o n  u n c e r t a i n t y  o f  ^  1. 5% w h ic h  l e a d s  to an u n c e r t a i n t y
of  o n l y  +. 025 ( G e V / c ) ^  w h e r e a s  a n o r m a l i z a t i o n  u n c e r t a i n t y  of  + 5% a s  in p r e v i o u s  d e t e r m i n a t i o n s  led  to an u n c e r  
A l th o ug h  t he  z e r o  in t he  i m a g i n a r y  p a r t  i s  c l o s e  t o  t h e  z e r o  in t he  p a r a l l e l  p a r t  of  the  a m p l i t u d e ,  i t s  p r e c i s e  pos  
of t he  r e f e r e n c e  a m p l i t u d e  w h i c h  is  m o d e l  i n d e p e n d e n t  u n l e s s  i t  i s  d e t e r m i n e d  b y  t he  m e t h o d  of  f i x e d - t  an a l y t i c i t '
W h e r e a s  t he  z e r o  of t he  p a r a l l e l  p a r t  s e e m s  to  be  a f a i r l y  r e l i a b l e  c o n s t r a i n t  f o r  m o d e l  b u i l d i ng ,  the  k no w le d ge  i 
t he  p e r p e n d i c u l a r  p a r t  s u f f e r s  f r o m  an u n c e r t a i n t y  due  to  t he  i n c o n s i s t e n c y  p r e s e n t  in t he  p o l a r i z a t i o n  d a t a  m e a s i  
T h e  A RG ONN E d a t a  a r e  p e r s i s t e n t l y  20% lo w e r  t han  the  C E R N  d a t a  w h ic h  a f f ec t s  m o s t l y  t he  p e r p e n d i c u l a r  p a r t  ol 
t he  A RG O N N E  d a t a  a r e  t a k e n ,  t he  p e r p e n d i c u l a r  p a r t  h a s  a z e r o  a t  / t /  = . 25 ( G e V / c ) ^  w h e r e a s  in the  c a s e  of  the 
p a r t  o f  t he  a m p l i t u d e  r e m a i n s  p o s i t i v e  t h ro u gh ou t .
O u r  m o d e l  v a r i a n t  Ib w i th  R e c  — r l .  8 ( G e V / c ) and I m ^ =  -1. 35 ( G e V / c ) l e a d s  to t he  c o r r e c t  c l o c k w i s e  ro t a t i c  
t o t a l  a m p l i t u d e  and  i n  p a r t i c u l a r  to a z e r o  of  t he  I m a g i n a r y  p a r t  a t  / t /  = . 2 ( G e V / c )^  no t  too  f a r  aw ay  f r o m  the  ac 
" c r o s s o v e r " .  T h e  r e a l  p a r t  on t he  o t h e r  ha nd  s t a y s  p o s i t i v e  t h r o u g h o u t  the  / t /  r e g i o n  u n d e r  c o n s i d e r a t i o n  a s  im 
by  t he  C E R N  d a t a .  As  in t he  c a s e  of  the  R R R T - P h a s e  a n g l e ,  o u r  m o d e l  a b s o r b s  t he  i m a g i n a r y  p a r t  a t  the  exp 
t he  r e a l  p a r t .  R R R T  p r o v i d e  t he  n o n - r o t a t i n g  p a r t  of t h e  cu t  w i th  a p o s i t i v e  ad hoc  p h a s e  an g l e  of  9 0° w h ic h  a m o  
e s s e n t i a l l y  to  m u l t i p ly i n g  t h e  i m a g i n a r y  p a r t  of  the  cu t  by  a f t /  i n d e p e n d e n t  e n h a n c e m e n t  f a c t o r  ?\= 2 a nd  a nul l i l
of  t he  r e a l  p a r t  o f  the cut ,  T h i s  m o d e l  i s  t he  m o s t  e x t r e m e  o f  i t s  k ind.  I n t e r m e d i a t e  v e r s i o n s  a r e  f o r  e x a m p l e  1 
by  J .  A n d e r s o n  e t  a l   ^  ^ w h i c h  c o r r e c t  on ly  t he  ro t a t i n g  p a r t  of  the po l e ,  and  t he  m o d e l  by  S ad o u l e t   ^ whi
n o n - r o t a t i n g  and r o t a t i n g  p a r t s  of the cu t  d i f f e r e n t l y  and e m p l o y s  a non f l a t  p o m e r o n .  T h e  n e w e s t  d e t e r m i n a t i o n  
c r o s s o v e r  z e r o  p o s i t i o n  by A m b a t s  e t  a l  pu t s  a s e v e r e  c o n s t r a i n t  on m o d e l  bu i l d ing .  A l though  a l l  t h r e e  m o d e l s  i 
a b o ve  r e p r o d u c e  the o b s e r v a b l e s  and  s e v e r a l  f e a t u r e s  of the  a m p l i t u d e ,  the  d i f f i c u l t i e s  w h ic h  t h e s e  m o d e l s  enco i  
t h e y  t r y  t o  m o v e  t he  i m a g i n a r y  z e r o  in the  v i c i n i t y  of  t he  a c t u a l  p o s i t i on  of t he  c r o s s o v e r  a t  / t /  = . 15 d e m o n s t r a t  
of  cu t  s t r e n g t h  in t he  i m a g i n a r y  p a r t .  ( T h a t  t h i s  i s  so  i s  c l e a r l y  s ee n  in t he  f a c t  t h a t  R R R T  can  m o v e  i t s  z e r o  m 
a t  / t /  = . 2 to t he  c r o s s o v e r  p o s i t i o n ,  and t h i s  i s  so  only  b e c a u s e  i t s  a d d i t i o n a l  r e s o u r c e  of  s t r e n g t h  c o m e s  f r o m  
ro t a t i n g  p a r t .  T h e  n o n - r o t a t i n g  p a r t  i s , d u e  to t he  p h a s e  angle,  f u l l y  t r a n s f o r m e d  i nto the i m a g i n a r y  p a r t .  T h i s  ef  
d o u b l e s  t he  cu t  s t r e n g t h .  ) N o  o t h e r  m o d e l  h a s  s u c h  a r e s o u r c e  in cu t  s t r e n g t h .  T h e  i n t r o d u c t i o n  of  a c o m p l e x  
p a r a m e t e r  c an  s o m e h o w  s i m u l a t e  t he  v a r i o u s  v e r s i o n s  of t h e s e  p h a s e - m o d i f y i n g  m o d e l s .  A p u r e l y  i m a g i n a r y  c i 
c h a n g e  t he  cu t  p h a s e .  H o w e v e r ,  bo th  p a r t s  of t he  cu t  ob t a in  an e q u a l  a m o u n t  of  c h an ge .  A p u r e l y  i m a g i n a r y  c d( 
t he  a p p r o x i m a t e  e q u a l i t y  of t he  s i z e  of  the  two  cu t  p a r t s .  T h u s  one  can  a r r a n g e  f o r  a 4 5 °  p o s i t i v e  p h a s e  an g l e  u 
Im c  = -2 .  6 ( G e V / c ) “ ^ and  obt a in  a p u r e l y  i m a g i n a r y  cu t  a t  l e a s t  a t  / t /  = 0. H o w e v e r ,  a l t h oug h  w e  ob t a in  the  cc 
r o t a t i o n  w e  l o s e  in c o m p a r i s o n  w i t h  R R R T  on s t r e n g t h .  T h i s  h a p p e n s  f i r s t l y  b e c a u s e  of t he  4 5 °  a d d i t i o n a l  p h as e  
a p p l i e s  to bo th  p a r t s  of the  cu t  and r e d u c e s  in p r i n c i p l e  the  e f f ec t i v e  s t r e n g t h  w i t h  r e s p e c t  to R R R T  f r o m  A  = 2 t 
Se c o n d ly ,  a p u r e l y  i m a g i n a r y  c w e a k e n s  the cu t  and  t he  n e t  e f f e c t  i s  s u c h  t ha t  f o r  t he  o p t i m a l  p h a s e  ang l e  t h e r e  v 
e n h a n c e m e n t  ( no r  l o s s )  in s t r e n g t h  of the  i m a g i n a r y  p a r t  of  t he  c u t  and  t h e r e  w i l l  b e  t o t a l  c a n c e l l a t i o n  of t he  r e a l  
o u r  p h a s e  m o d i f i c a t i o n  i s  no t  / t /  i n d ep en d e n t .  B o th  p h a s e s  ha v e  a s m a l l  r o t a t i o n  v e lo c i t y .  Such a p u r e l y  im ag in  
e f f e c t i v e l y  t he  m o d e l  by J .  A n d e r s o n  a p a r t  f r o m  the  w e a k  / t /  d e p e n d e n c e .  B o th  m o d e l s  f a i l  a t  the  c r o s s o v e r  cor 
t h e i r  l a c k  in cu t  s t r e n g t h .  F o r  b o t h  m o d e l s  the  s i m u l a t i n g  ^  i s  ^  =1 .  O u r  z e r o ,  a s  w e l l  a s  t h a t  o f  A n d e r s o n ,  
t han  f t /  = . 4 .  B y  s w i t c h in g  on t he  r e a l  p a r t  of the  c o r r e l a t i o n  w e  e n c o u n t e r  a new  s o u r c e  of s t r e n g t h  and  a l s o  : 
in p h a s e .  In o r d e r  to avo id  the ad d i t i o n a l  u n w a n te d  c o n t r i b u t i o n  in p h a s e  w e  h a v e  to  t u r n  down the  s i z e  of Im c .  T 
p r o v i d e s  in t u r n  a  f u r t h e r  b o o s t  in s t r e n g t h .  T h e  v a l u e s  f o r  c w h ic h  m o v e  t he  c r o s s o v e r  to / t /  = . 15 a r e  R e c  = -i 
an d  Im c  = -1. 025 ( G e V / c )  T h e  e f f ec t i v e  cu t  s t r e n g t h  i s  t hen / \  = 2. 14 and w e  s e e  t h a t  in the  r e a l  pa r t  of c we  h 
of  s t r e n g t h  w h i c h  a p u r e l y  ad hoc  p h a s e  m o d i f i c a t i o n  c a nn o t  p r o v i d e .
- » s \ -
H e l i c i t y  non f l ip  i s o v e c t o r  a m p l i t u d e  ( p a r a m e t e r s  u s e d  f r o m  T a b l e  I)
M o d e l  v a r i a n t  la  -  p u r e l y  r e a l  c o r r e l a t i o n  p a r a m e t e r ,  p u r e l y  i m a g i n a r y  and  s t a t i o n a r y  p o m e r o n
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VI. 111. 3 -  P U R E L Y  R E A L  AND N E G A T IV E  C O R R E L A T IO N  M O DIFIED  M O D ELS AS A CROSSING S Y M M ETRY  
P R E S E R V IN G  SOLUTION TO  T H E  PH A S E  P R O B L E M
A m o r e  c o n v e n ie n t  w a y  to  m a n ip u la t e  th e  t e r m s  of th e  G r ib o v  cu t  in c o m p le x  v e c t o r  r e p r e s e n t a t i o n  a s  w r i t t e n  
on p a g e s  107 to 119, i s  to  r e w r i t e  i t  a s  on p a g e s  145 and  146 w i th  th e  r e l e v a n t  t e r m s  e x p l i c i t ly  e x p r e s s e d  fo r  f ixe  
and  v a r i a b l e  e n e r g i e s  as  done on p a g e s  147 to 152. F o r  c e r t a i n  p u r p o s e s  i t  is  s p e c i a l l y  i n s t r u c t i v e  to w r i t e  the 
e n e r g y  d e p e n d e n c e  t e r m  in p o w e r s  o f  Ins  a s  done fo r  e x a m p le  fo r  the  n o n - r o t a t i n g  p a r t  on p a g e s  151 and 152. T h  
v e c t o r  r e p r e s e n t a t i o n s  of p o le  and  cu t  e n a b le  u s  to  o b ta in  a g r e a t  d e a l  of in s ig h t  in to  how the  p h a s e s  b e h a v e ,  
and  w e  l e a r n  th a t  th e  n e c e s s a r y  m o d i f i c a t io n s  in o r d e r  to  r e s t o r e  the  m o s t  p ro fo u n d  f a i l u r e s  of the a b s o r p t io n  
c u t ,  a s  d i s c u s s e d  on p a g e  127, c a n  b e  a c c o m p l i s h e d  fo r  e i t h e r  a p u r e l y  i m a g in a r y  and s t a t i o n a r y  p o m e r o n  
to g e t h e r  w i th  a c o m p le x  " c ” a s  w e  h av e  s e e n , o r  f o r  a p o m e r o n  w i th  a s ig n i f i c a n t  r e a l  p a r t  a t  a l l  / t /  v a l u e s ,  
e. g. an in i t i a l  p h a s e  of 101° and  a  s l o p e  of ( / , 'p  = . 6 ,  t o g e t h e r  w i th  a p u r e l y  r e a l  " c " .  In d e e d ,  a s  one can  
s e e  f r o m  the  e x p l i c i t  f o r m u l a s  of th e  G r ib o v  cu t  r e p r e s e n t e d  in v e c t o r  f o r m ,  th e  im a g i n a r y  p a r t  of the  c ” c a n ,
to a  c e r t a i n  e x te n t ,  b e  e x c h a n g e d  a g a in s t  th e  s lo p e  o f  th e  P o m e r o n .
A c o n c r e t e  m o d e l  (M o d e l  V in t r o d u c e d  on p a g e  154);w i th  th e  p a r a m e t e r s  a s  in T a b le  I -  and  in  a d d i t io n  -
R e  c °  = -1. 5 Im  c °  = 0
R e  c  ^ = -1  Im  c  ^ = -1
h a s  b e e n  g iv en  w i th  n u m e r i c a l  d e t a i l s .  R a t h e r  th a n  d e s c r i b e  a l l  th e  d e t a i l s  of  th e  c o m b in e d  e f f e c t  due  to  the 
" i n t e r a c t i o n "  of th e  " G r ib o v  c"  and th e  r e a l  p a r t  of th e  P o m e r o n ,  w e  a r e  go ing  to d r a w  s e v e r a l  p o s s ib l e  v a r i a t i c  
n .  III, IV,  V,  VI,  on th e  th e m e ;  " G r ib o v  c " and  P o m e r o n  r e a l  p a r t ,  w h i le  d e m o n s t r a t i n g  how th e s e  jo in t  
e f f e c t s  a s  p u r e l y  r e a l  c and  r e a l  p a r t  of  th e  P o m e r o n  a c c o m p l i s h  the  n e c e s s a r y  p h a s e  m o d i f i c a t io n .  T h i s  h a s  
b e e n  show n in  f ig s .  18 to  23.
* e. g. th e  s t a b i l i s a t i o n  of th e  e n e r g y  d e p e n d e n c e  ( s e e  p .  160)
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MODEL V - Elastic amplitude differential cross section - Polarization chart
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VI. 111. 4 A P H A S E  E N E R G Y  D E S C R IP T IO N  O F  a T 6 G E V /C  AND F N A L  E N E R G IE S  W ITH
A GOOD P R E D IC T IO N  O F  B O T H  IN E L A S T IC  AND E L A S T IC  P O L A R IZ A T IO N  O F  ITN SCATTERD 
( M O D E L  V AND M O D E L  VI)
In M o d e l  V w e  h av e  c o n s t r u c t e d  ( s e e  A r d i l l  e t  a l  (45)) th e  i s o v e c t o r  h e l i c i t y  a m p l i tu d e  by m e a n s  of the c o r r e '
G r ib o v  a b s o r p t io n  m o d e l .  W e a b s o r b  w i th  a h e l i c i t y  c o n s e r v in g  p o m e r o n  po le  w h ic h  p o s s e s s e s  a r e a l  p a r t  s
101° and  a s lo p e  of 'p = . 6 -  s e e  fig .  32 p a g e  179. T h e  s a m e  p o m e r o n  i s  u s e d  as  i s o s c a l a r  h e l i c i t y  am plil  
th e  e l a s t i c  p o l a r i z a t i o n  s e e  fig. 33 p a g e  179. B y  d e s c r i b i n g  th e  e l a s t i c  p o l a r i z a t i o n  w e e n c o u n te r  the  s a m e  p 
in (2 2 ,2 3 ) .  We w e r e  o b l ig e d  to g ive  the h e l i c i t y  f l ip  sh o w e r  f a c t o r  a s t ro n g  / t /  d e p e n d e n c e ,  su c h  th a t  the  d«
t u r n s  f o r  / t /  ^  , 6 in to  a c o n s t r u c t i v e  one.
T h e  i m a g i n a r y  p a r t  o f  th e  h e l i c i t y  f l ip  a m p l i tu d e  i s  in  t h a t  w ay  n o t  on ly  p r e v e n t e d  f r o m  b e c o m in g  n e g a t iv e  ai 
" u n t r e a t e d "  M od e l  v a r i a n t  V , fig .  27 and  28, bu t  g r o w s  and  f a l l s  r a p i d ly  in  m a g n i tu d e  -  fig. 29 -  so a s  to acc< 
r i s e  and f a l l  of th e  e l a s t i c  p o l a r i z a t i o n  b ey o n d  th e  d oub le  z e r o  - fig .  33 and 34. T h e  p a r a m e t e r s  h a v e  b e e  
T a b le  I,  b u t  w i th  th e  a d d i t io n  of -  \ o\<> = .  4
3 : c = J  \  ' h  '
c '  ’ “  ' ü - o ' - i  I
W hen e x t r a p o la t i n g  o u r  a m p l i t u d e s  to  F N A L  e n e r g i e s  w e  s t a b i l i z e  the e n e r g y  d e p e n d e n c e  of the  h e l i c i t y  n o n f  
m a x i m a l l y  s u c h  th a t  th e  i n i t i a l  c u t  p h a s e  h a s  m i n i m a l  e n e r g y  d e p e n d e n c e *  and  th e  r o t a t i o n a l  p h a s e  h a s  only  
We a c c o m p l i s h  th i s  b y  p ro v id in g  th e  G r ib o v  ' c '  w i th  an  e n e r g y  d e p e n d e n c e  su c h  th a t
c = c^ 4 Cg Ins
w h ic h  r e s u l t s  in  a c o n s i d e r a b l y  s t a b le  p o la r i z a t io n  o v e r  a w id e  r a n g e  in e n e r g y  (fig . 36, 37). T h e  s m a l l e r  s. 
t r a d i t i o n a l  s h r in k in g  p r o b l e m  f u r t h e r  ou t  in f t /  c a u s in g  a s lo w e r  f a l l  o f  |p and a s p r e a d
t r a j e c t o r i e s  a t  6 and 200 G e V / c  (fig. 3 9 ,4 0 ) .  T h e  p a r a m e t e r  v a lu e s  fo r  the  e n e r g y  d e p e n d e n c e  of c a r e
R e  c °  = - .  6225 R e  Cg° = -.  351
R e  Cj^ = 1225 R e  C2  ^ = - .  351
Im  c^^ = -1 Im  Cpl = 0
w h ic h  co in c id e  w i th  the p a r a m e t e r  v a lu e s  found a t  6 G e V /c .
* S in c e  o u r  a b s o r p t iv e  f a c t o r  i s  the  fu l l  e l a s t i c  a m p l i tu d e  th e  i n i t i a l  p h a s e  of th e  Pon-e ro n  p o s s e s s e s  the  e x p e r i m e n t a l l y  o b s e r v e i  
T h i s  r o t a t e s  th e  i n i t i a l  c u t  p h a s e  by a few  d e g r e e s  in c lo c k w is e  d i r e c t i o n  and i s  the  on ly  e n e r g y  d e p e n d e n c e  of the  i n i t i a l  cu t  p i
~  I t>l "
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VII -  SOME P U R E L Y  R E A L  AND P O S IT IV E  C O R R E L A T IO N  M O DIFIED  M O DELS
VII. 1. -  T H E  L A R G E  P O M E R O N  P H A SE  M O D E L
VII. 1. 1. - T h e  Z e r o  R e s id u e  V e r s i o n  ( M odel  VII)
An e x c e l l e n t  f i t  c a n  b e  a c h ie v e d  i f  w e  p r o v i d e  th e  P o m e r o n  w i th  a l a r g e  r e a l  p a r t  in  f o r w a r d  d i r e c t i o n ,
and a l s o  a l a r g e  R e g g e  p o le  l ik e  s lo p e .  If ,  in a d d i t io n ,  w e  in t r o d u c e  a  ^  " R e g g e  p o l e - r e s i d u e  p a r a m e t e r i z e d  
e x p o n e n t i a l s ,  the  m i n i m i s a t i o n  p r o g r a m m e  then  c h o o s e s  a m p l i t u d e s  and  o b s e r v a b l e s  a s  show n in f ig s .  41, 42 ,  and 
h a p p e n s  i s  th a t  in  th i s  c a s e  the  p r o g r a m m e  can  a r r a n g e  fo r  an 'a d  h o c '  z e r o  in the  im a g i n a r y  p a r t  of the  a m p l i tu  
to  th e  c r o s s o v e r  p o s i t io n  w ith o u t  d r a g g in g  th e  z e r o  of the  r e a l  p a r t  too  c lo s e ly  beh in d .
We sh o w , in fig . 41, th e  p a r a l l e l  and p e r p e n d i c u l a r  p a r t  (41a and  41b h e l i c i t y  n o n f l ip ,  and 41c and  41d h e l i c i t y  flip) 
a m p l i tu d e  and  o u r  t h e o r e t i c a l  c u r v e  o b ta in e d  by  m e  a n s  of c o r r e l a t i o n  m o d i f i e d  a b s o r p t io n .  T h e  tr an  s f o r m a t io n  
c o m p le x  p la n e  in  w h ic h  w e f ind  o u r  t h e o r e t i c a l  c u r v e  and th e  p la n e  in w h ic h  a m p l i tu d e  a n a ly s i s  w o r k s  h a s  b e e n  c 
th e  c i r c u m s t a n c e s  t h a t ,  f i r s t  A m b a ts  r e f e r e n c e  d e p e n d s  on a m o d e l  a s s u m p t i o n  fo r  th e  h e l i c i t y  f l ip  i s o v e c t o r  am  
b e c o m e s  l e s s  v a l id  w i th  i n c r e a s i n g  / t /  f r o m  / t /  = . 35 o n w a r d s  and ,  s e c o n d ,  o u r  th e o r y  a s s u m e s  a d i f f e r e n t  phas 
do ing  the  t r a n s f o r m a t i o n  one h a s  to  r e s p e c t  t h e s e  c o m p l ic a t io n s .  F ig .  41b and 41d show the  o r th o g o n a l  com ponent!  
o f th e  c o m p o n e n ts  n e a r  the  m i n im u m  of  th e  m o d u lu s  d e c id e s  u n a m b ig u o u s ly  th e  s e n s e  of r o t a t i o n  of th e  a m p l i t u d e  
o r ig in  o f  th e  A rg a n d  d i a g r a m  w ith  i n c r e a s i n g  / t / .  T h e  f a i l u r e  o f  the  a b s o r p t io n  m o d e l  to  o b ta in  th e  c o r r e c t  sig  
and  h e n c e  o b ta in  the  c o r r e c t  s e n s e  of r o t a t i o n  i s  d i s p la y e d  in  f ig .  8 and 6 , p a g e s  103 and  101. T h e  i n c o r r e c t  r e l a t  
the  two h e l i c i t y  a m p l i tu d e s  a s  s e e n  in f ig .  5 and 4 ,  p a g e  100 and 99 ,  c a u s e s  th e  p o l a r i z a t i o n  to b e c o m e  so d i s a s t r t  
th e  p r o p o r t i o n a l i t y  b e tw e e n  fig . 2 and fig .  5.
VII. 1. 2 -  T h e  N o n - Z e r o  R e s id u e  V e r s i o n  (M o d e l  VIII)
C a s e  1 G r ib o v  c = 0
fig. 46 In th i s  c a s e  w e  do n o t  f o r c e  a " c r o s s o v e r  z e r o "  bu t  s t i l l  th e  l a r g e  p h a s e  o f  the  p o m e r o n  m o v e s  tl
z e r o  ou t  in / t /  w i th  r e s p e c t  to  the  t r a d i t i o n a l  a b s o r p t io n  m o d e l .
C a s e  2 G r ib o v  c = 1. 15
fig . 47  T h e  G r ib o v  c s w i tc h e d  on. H ad  n o t  to  a r r a n g e  the  b a s i c  m o d i f i c a t io n  a l th o u g h  i t  s t i l l  im p r o
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VIII - T H E  C O R R E L A T IO N  M O DIFIED  "D E R IV A T IV E  R U L E "  M O D E L  (M O D E L  IX) (46)
We h a v e  g iv e n ,  on p a g e  ^4 the  r e s u l t  of the  d e r i v a t i v e  r u l e  a s  ap p l ie d  to  th e  h e l i c i t y  i s o v e c t o r  no n f l ip  am plitu i  
of o u r  c o r r e l a t i o n  m o d i f i e d  a b s o r p t io n  m o d e l .
T h e  p a r a m e t e r s ,  c ,  A and B a s  g iv e n  on p a g e  73 f o r  the  h e l i c i t y  n o n f l ip  a m p l i t u d e ,  a r e  d e t e r m i n e d  by  a 
A m b a ts  e t  a l ' s  { S  ) a m p l i tu d e  a n a ly s i s  d a ta .  We find  R e  c = -1. 067 (G e V /c )  Im  c = -0 .  629 (G e V /c )
A = 0. 36467 ( m b / G e V / c )  B = 6. 58 (G e V /c )  ^ w i th  a = 2. 832 f o r  14 d a ta  p o in t s .  A c o m p a r i s o n  of o u r  r e s
a m p l i tu d e  a n a ly s i s  d a ta  i s  show n in fig .  48. O u r  c h o ic e  of p a r a m e t e r s  g iv e s  a h e l i c i t y  n o n f l ip  a m p l i tu d e  w h ic h  i 
the  o r ig in  in  a c lo c k w is e  d i r e c t i o n  a s  shown in fig. 49. F r o m  th e s e  f i g u r e s  w e  n o te  th e  i m a g in a r y  z e r o  i s  a t  t  = 
w h i le  th e  r e a l  z e r o  i s  a t  t  = -0 .  228 (G e V /c )
S c h re m p p  and S c h re m p p  ( 4 7 )  h av e  show n, in a m o d e l - i n d e p e n d e n t  w a y ,  f o r  the  s a m e  r e a c t i o n  and e n e r g y  th a t  \ 
th a t  one c an  o b ta in  th e  s - c h a n n e l  h e l i c i t y  f l ip  a m p l i t u d e  by  m e a n s  of the  d e r i v a t i v e  of the  h e l i c i t y  n o n f l ip  am p l i tu  
c o n s e q u e n c e  of the  p e r i p h e r a l  n a t u r e  of the  p r o c e s s .  T h e  p r o p e r  u s e  of t h i s  r u l e ,  h o w e v e r ,  d e m a n d s  an e x a c t  r 
f o r  the  h e l i c i t y  n o n f l ip  am p l i tu de  to  b eg in  w i th  s in c e  th e  d e r i v a t i v e  r u l e  te n d s  to  e x a g g e r a t e  any  d e v ia t io n  f r o m  ti 
c u r v e  w h ic h  g o e s  t h r o u g h  th e  c e n t r e  p o in t s  o f  th e  e x p e r i m e n t a l  d a ta .  How th e s e  d e v ia t io n s  a r e  a m p l i f i e d  can  b 
f ig .  50 on p a g e  198 w i th  fig . 48 on p a g e  199. We i l l u s t r a t e  in fig. 50 a g a in  th e  p a r a l l e l  and  th e  p e r p e n d i c u l a r  c
h e l i c i t y  f l ip  a m p l i tu d e  w h ic h  one o b ta in s  by  r o t a t i n g  th e  a m p l i tu d e  in th e  c o m p le x  p la n e  r e l a t i v e  to the  i s o s c a l a r  
a m p l i tu d e .
A s w e  h a v e  a l r e a d y  n o te d ,  the  h e l i c i t y  f l ip  a m p l i tu d e  i s  e x t r e m e l y  s e n s i t i v e  to any  d e v ia t io n  in c u r v a t u r e  of the
f r o m  the  e x p e r i m e n t a l  d a ta .  T h u s ,  th e  p r o p e r t y  of the  h e l i c i t y  f l ip  a m p l i tu d e  th a t  i t  sh o u ld  h av e  a c o n s t a n t  phas
2 2 - t -  0. 4 ( G e V /c )  i s  on ly  m a in ta in e d  out to  - t  ~  -0 .  175 ( G e V /c )  and  is  r a p i d ly  l o s t  b ey o n d  th i s  v a lu e .  T h i s  can
T h is  p r o p e r t y  w h ic h  i s  r e v e a l e d  by  th e  a m p l i tu d e  a n a l y s i s ,  m e a n s  th a t  th e  d i f f e r e n c e  b e tw e e n  the p h a s e s  of the  i
n o n f l ip  and  the  i s o v e c t o r  h e l i c i t y  f l ip  a m p l i tu d e s  is  an a p p r o x i m a t e  c o n s ta n t .  T h i s ,  in t u r n ,  s e e m s  to in d ic a te  t
P o m e r o n  i s  s i m i l a r  to the  s lo p e  of th e  ^  po le  tak in g  the  h e l i c i t y  f l ip  a m p l i tu d e  a s  be ing  a p p r o x i m a t e ly  R e g g e  b
th a t  w e a r e  s u p p o s e d  to s e e  in fig .  51 the  b e h a v io u r  of the i s o s c a l a r  h e l i c i t y  n o n f l ip  a m p l i tu d e  h av ing  the  s a m e  ra
h e l i c i t y  f l ip  a m p l i tu d e  of the  i s o v e c t o r  e x c h a n g e  a s  a fu n c t io n  o f  the  ^  t r a j e c t o r y .  In p r i n c ip l e  th i s  f e a t u r e
in fig. 51. H o w e v e r ,  th e  l a r g e r  / t /  v a lu e  lo op  shou ld  n e v e r  r e a c h  in to  th e  f i r s t  q u a d ra n t .  Of c o u r s e ,  f i t t in g  dal
t h a t  th e  P o m e r o n  h a s  a  s lo p e  a s  l a r g e  a s  th e  ^ p o l e  could mëoe our e f f o r t  w i th  a p u r e l y  i m a g in a r y  P o m e r o n  on ly  tl
ch o ic e .  We h a v e  a l r e a d y  s e e n  th a t  once  w e  h a v e  in c lu d e d  a n o n f la t  P o m e r o n  th e  f i t  w i l l  b e  c o n s i d e r a b l y  im p r o
196 -
T h e  f i t  to  the  o b s e r v a b l e s  a s  show n in fig. 32 s u f f e r s  n a t u r a l l y  f r o m  th e  i n a c c u r a c y  in the  n o n f l ip  a m p l i tu d e .  In < 
d e r i v a t i v e  r u l e  i m p o s e s  i t s  own n a t u r e  on to  th e  p o la r i z a t i o n  a s  c an  be  s e e n  b y  a c o m p a r i s o n  b e tw e e n  o u r  th e o r e  
iz a t io n  c u r v e  and  th e  one o b ta in e d  by  B a r g e r  and P h i l l i p s  ( 48), w h ic h  a r e  s t r i k i n g ly  s i m i l a r  in s t r u c t u r e .  F r o m
ca n  s e e  th a t  the  z e r o s  in o u r  p o la r i z a t io n  o c c u r  e x a c t ly  w h e r e  th e  p h a s e  of the  n o n f l ip  h e l i c i t y  a m p l i tu d e  h a s  i t s
2 2 2 p o in t s ,  n a m e l y  b e tw e e n  - t  = 0. 025 (G e V /c )  and  - t  = 0. 05 ( G e V /c )  and  s h o r t l y  a f t e r  - t  = 0. 35 (G e V /c )  . T h e
of the  p o la r i z a t io n  r e s u l t s  f r o m  the  e f f e c t s  of c o m p e t i t io n b e tw e e n  a s h i f te d  p e a k  and a s t a t i o n a r y  p o in t  of th e  pha
a p p a r e n t  p e a k  i s  c a u s e d  by  th e  tu r n in g  p o in t  of the  p h a s e  bu t  i s  p r e v e n t e d  f r o m  d e v e lo p in g  in to  an a c tu a l  p o l a r i z a
b e c a u s e  of th e  d i f f e r e n t i a l  c r o s s  s e c t io n  w h ic h  i s ,  a t  t h i s  p o in t ,  s t i l l  l a r g e  bu t  i s  f a l l in g  off v e r y  f a s t  su c h  th a t  tl
im u m  i s  s h i f te d  f u r t h e r  out in / t / .  T h i s  d o e s  n o t  h a v e  t im e  to d e v e lo p  a b r o a d  s h a p e  a s  w e  w o u ld  l ik e  to s e e  b ee
s t a t i o n a r y  p o in t  i s  f o r c in g  the  p o la r i z a t i o n  to ch an g e  s ign .  F i n a l l y ,  w e  o b s e r v e  a p h e n o m e n o n  w h ic h ,  a lth o u g h  ni
c o n s e q u e n c e  of th e  d e r iv a t iv e  r u l e ,  i s  a l s o  c o n n e c te d  w i th  p e r i p h e r a l i t y  (49). T h i s  i s  th a t  the r a t e  of ch an g e  o f  I
c r o s s  s e c t io n  w i th  r e s p e c t  to  s c a t t e r i n g  an g le  i s  e q u a l  to th e  p o l a r i z a t i o n  up  to  a f a c t o r  w h ic h  i s  a p p r o x i m a t e l y  c
th e  r a n g e  0 ^  / t / ^  1. 0 (G e V /c )^ .
W e h a v e  s e e n  th a t  by  e m p lo y in g  a  P o m e r o n  w h ic h  i s  m o r e  r i c h  in s t r u c t u r e  w e  co u ld  n o t  on ly  im p r o v e  o u r  f i t  to  1 
a l s o  e x c h a n g e  th e  a c tu a l  u n w an te d  im a g i n a r y  p a r t  of th e  p a r a m e t e r  in  th e  c o r r e l a t i o n  k e r n e l  f o r  a r e a l  p a r t  of th( 
T h e n  th e  c o r r e l a t i o n  k e r n e l  co u ld  be  r e t a i n e d  a s  p u r e l y  r e a l  in c h a r a c t e r  and  co u ld ,  t h e r e f o r e ,  i f  i t  w e r e  p o s i t iv  
a f o r m  f a c t o r  d e s c r ib in g  th e  e x te n d e d  s t r u c t u r e  of the  h a d r o n s .
*
T h e  p e r s i s t e n t l y  n e g a t i v e  n a t u r e  o f  c ( a p a r t  f r o m  th e  c o s m e t i c  c m o d e l s )  l e a d s  u s  to  an  i n t e r p r e t a t i o n  w ith in  th e  : 
p a r  ton  f r a m e w o r k ,  w h e r e  c a r e  i s  ta k e n  o f  th e  p a r t i c u l a r  s u b - h a d r o n ic  n a t u r e  o f  th e  i n t e r a c t i o n  ( s e e .  IX).
* M odel VII and VIII
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IX -  AN IN T E R P R E T A T IO N  O F  T H E  N E G A T IV E  SIGN O F  T H E  C O R R E L A T IO N  P A R A M E T E R
We h a v e ,  in th e  in t ro d u c t io n ,  r e m a r k e d  upon the  n e e d  to do  the  R e g g e o n -P o rr te ro n  convo lu t io n  -with bo th  R eg g eo n  a 
P o m e r o n  r e n o r m a l i z e d .  T h e  e f f e c t iv e  i n t e r a c t i o n  r a n g e  n e e d e d  <■-. be c o n s i d e r a b l y  s h o r t e r  than  i s  the  c a s e  fo r  th 
s in g le  ex c h a n g e .  T h is  h a s  been  b o r n e  out by the  n e c e s s i t y  to  inclw.de in to  the R e g g e - p a r t i c l e  coup ling  func t ion  the 
m u t u a l  o r i e n ta t io n  of the  t r a n s v e r s e  c o m p o n e n ts  o f th e  R e g g e o n s  > Pome roni). T h is  in t u r n  p ro v id e d  a w ay  to  acco i  
fo r  the  e f f e c t iv e  c o n t r ib u t io n  of i n e l a s t i c  i n t e r m e d i a t e  s t a t e s  b e s i d e s  the  e l a s t i c  po le  s t a te  in th e  G r ib o v - M ig d a l  R 
u n i t a r i t y  c on d it ion .  A l though  the f o r m a l  a n a lo g y  to  n u c l e a r  p h y s i c s  s u g g e s te d  p a r a m e t e r i z a t i o n  of the  m o d i f ie
of  the  a b s o r p t io n  m o d e l  by in c lu d in g  a p a r a m e t e r  w h ic h  s e e m e d  to  s i m u l a t e  the o s c i l l a t o r  len g th  o f  a q u a r k - a n t i q u  
bound s t a t e ,  the  a c tu a l  p e r s i s t e n t l y  n e g a t iv e  v a lu e  of th i s  p a r a m e t e r  im p ly in g  th e  s h o r te n in g  of the  in t e r a c t i o n  ran  
d e f ied  s u c h  a s im p le  p i c t u r e .
T h e r e  h a s  m e a n w h i l e  e m e r g e d  an in tu i t iv e  i n t e r p r e t a t i o n  (15 ,50 ,51)  o f the  G r ib o v  g r a p h s  b a s e d  on the  s im u l ta n e o i
of m u l t i p e r i p h e r a l  and d i f f r a c t i v e  d i s c o n t in u i t i e s  in the  two bo dy  a m p l i tu d e .  Seen in the  l ig h t  of s e v e r a l  converg i i
v iew  s u c h  a s  th e  m u l t i p e r i p h e r a l  m o d e l ,  th e  p a r to n  p i c t u r e  qndthe d if fu s io n  a n a lo g y  v ia  th e  G r e e n ' s  fu n c t ion  fo r
i t  m i g h t  b e  possible!, to  u n d e r s t a n d  th e  m e a n in g  of th e  n e g a t iv e  s ign  of "c ". In th e  in tu i t iv e  p i c t u r e  of h a d r o n ic  i
i t  is  u n d e r s to o d  th a t  fast h a d r o n s  a t  d i s t a n c e  b in im p a c t  p a r a m e t e r  and  a t  a  c e r t a i n  " t im e "  Ins  c a n n o t  i n t e r a c t  i
which
r e d u c e  t h e i r  e n e r g y  by  e m i t t in g  a sh o w e r  of v i r t u a l  p a r t i c l e s , , j  p o p u la te  th e  Im p a c t  p a r a m e t e r  p la n e  and  a r e  s e p a r  
d i s t a n c e s  of th e  o r d e r  o f a C o m p to n  w av e  le n g th  due  to  G r ib o v 's  f in i te  m a s s  h y p o th e s i s .
E v e r y  p r o d u c e d  p a r t i c l e  is  a s te p  in the r a n d o m  w a lk  a c r o s s  the  im p a c t  p a r a m e t e r  p la n e  p e r f o r m e d  by the  R eg g e  
r e d u c in g  the  e n e r g y  of the  co l l id in g  h a d r o n s  so  a s  to b r i n g  th e m  c l o s e r  to  e a c h  o th e r .  T h e  h ig h e r  the  in i t i a l  e n e r  
s t e p s  h a v e  to b e  d o n e ,  i. e. the  m o r e  v i r t u a l  p a r t i c l e s  a r e  p r o d u c e d  in a m u l t i p e r i p h e r a l  ch a in .  T h e  i n i t i a l  po s i t i  
co l l id in g  h a d r o n s  is  the  v e c t o r  su m  of the  d i s t a n c e s  the  p r o d u c e d  p a r t i c l e s  a r e  a p a r t  f r o m  e a c h  o th e r .  T h e y  de f  
i n t e r a c t i o n  r a n g e  w h ic h  h a s  a s p e c i f i c  R e g g e  c o m p o n e n t  and b o u n d a r i e s  d ue  to  th e  c o l l id in g  h a d r o n s .  D ue to the  j 
a p p r o x i m a t iv e  a b s e n c e  of long r a n g e  c o r r e l a t i o n s  i t  h a p p e n s  th a t  the  R e g g e  i n t e r a c t io n  re g io n  i s  g ro w ing  l i n e a r l y  
i n i t i a l  e n e rg y :  the  m o r e  s t e p s  to go ,  i, e, m o r e  p a r t i c l e s  p ro d u c e d .  T h e  a v e r a g e  s q u a r e d  v a lu e  of the  v e c t o r  si
by  th e  i m p a c t  p a r a m e t e r  v a lu e s  o f  th e  p ro d u c e d  p a r t i c l e s  i s  then  th e  de f in e d  e f f e c t iv e  in t e r a c t io n  re g io n  b e tw e e n
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c o l l id in g  h a d r o n s .  T h e  s t e e p n e s s  of the  e x p o n e n t i a l l y  p a r a m e t e r i z e d  R e g g e  r e s i d u e s  i s  then  th e  n o n - s h r i n k  
o f th e  i n t e r a c t i o n  r e g io n .  T h e  in t ro d u c t io n  of th e  G r ib o v  "c "  s e e m s  to r e d u c e  the  s i z e  o f  th i s  r e g io n  in  th e  
It r e d u c e s  the  s i z e  by  c o m p a r i s o n  to the  s in g le  g r a p h  and  a l s o  by  c o m p a r i s o n  to  th e  t r a d i t i o n a l  a b s o r p t i o n  n 
i s  p r e s e r v e d .
W hy i s  t h i s ?  In g e n e r a l  the  c o l l id in g  h a d r o n s  p r o d u c e  s e v e r a l  s h o w e r s  f r o m  w h ic h  s l o w e r  p a r t o n s  c a n  e 
o f  h a d r o n s  th e n  t a k e s  p la c e  v ia  the  s i m u l t a n e o u s  i n t e r a c t i o n  o f  th e  p a r t o n s .  T h e  p a r t o n  is  r e d u c e d  in en e i  
E a c h  h a s  in the  c. m .  s y s t e m .
s
n'
I =(k,
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T h e y  a r e  a l s o  c l o s e r  in i m p a c t  p a r a m e t e r .  T h e y  e n t e r  the  d i f fu s io n  s lo w in g  down p r o c e s s  f r o m  t h e i r  "s] 
b y  c o n t r a s t  to  th e  " s p a c e ,  t i m e "  c o m p o n e n t s  o f th e  i n i t i a l  s i n g le  R e g g e  e x c h a n g e ,  w h e r e  th e  h a d r o n  in t e r a c l  
It  s e e m s  to  b e  p l a u s ib l e  t h a t  th e  e f f e c t iv e  i n t e r a c t i o n  r a n g e  o f  e a c h  in d iv id u a l  p a r t o n  i n t e r a c t i o n  i s  now  b eb  
w i th  th e  f i r s t  o r d e r  i n t e r a c t i o n s .  T h a t  i s  to s a y  i t  is  th e  " s i z e "  o f  th e  p a r t o n s  w h ic h  in h ig h e r  o r d e r s  i s  m  
s i z e  o f  th e  h a d ro n .
-  204 -
X - AN O U T L O O K  T OW A R DS A U NITED D E S C R IP T IO N  O F  HADRONIC TWO BODY IN T ER A C T IO N S
W e do n o t  w is h  to end on the  s p e c u l a t i v e  n o te  of the  l a s t  p a r a g r a p h  w i th o u t  e m p h a s iz in g  th a t  the  good r e s u l t s  on the  
p h a s e  m o d i fy in g  n a t u r e  of th e  n e g a t iv e  G r ib o v  "c"  e n c o u r a g e d  u s  to p u r s u e  the  s u b je c t  f u r t h e r ,  in p a r t i c u l a r  to con 
th e  i s o s c a l a r  a m p l i tu d e  w h ic h  cou ld  shed  new  l ig h t  on th e  p h a s e  of th e  p o m e r o n  as  p r o b e d  by the  e l a s t i c  p o l a r i z a t i c  
s c a t t e r i n g  a ro u n d  and  b ey o n d  the  r e s i d u e  z e r o .  T h a t  i s  to s a y  a  c o r r e l a t i o n  m o d i f i e d  m o v in g  P o m e r o n  m ig h t  b e  co; 
th e  e l a s t i c  p o l a r i z a t i o n  b ey o n d  th e  r e s i d u e  z e r o s  and a h e l i c i t y  a m p l i tu d e  w h ic h  i s  r e g g e  b e h a v e d  even  f o r  / t /  6
be  m o r e  s a t i s f y in g  th a n  th e  a d h o c - i n t r o d u c e d  s h o w e r f a c t o r  w h ic h  c o n v e r t s  the  d e s t r u c t i v e  c u t  in to  a  c o n s t r u c t i v e  or
T h u s ,  in c o n c lu s io n  w e  c an  s a y  w e  h a v e  found  a n a t u r a l  s o lu t io n  fo r  th e  s h o r t c o m i n g s  of the  o p t i c a l  m o d e l  l i s t e d  un 
in th e  in t ro d u c t io n  t o g e t h e r  w i th  a r a t h e r  ad ho c  a p p r o a c h  to  p o in t  (2) in o r d e r  to  t id e  u s  o v e r  u n t i l  w e h ave  c o n s t r u  
a m p l i t u d e  by  m e a n s  o f  th e  G r ib o v  "c " .  T h e  i n e l a s t i c  d i f f e r e n t i a l - c r o s s  s e c t io n  i s  s t i l l  u n s a t i s f y in g  in the  re g io n  
and  w e a r e  s t i l l  l e f t  w i th  th e  s h r in k a g e  p r o b l e m ,  s e e  fig .  39 and  40 ,  p. 185 and  186, bu t  s e e  the  p o le  d o m in a te d  m o d  
W o rk  i s  now  in p r o g r e s s  to  in v e s t i g a t e  the  in t ro d u c t io n  of îG r ib o v  " c " - l i k e  c o u p l in g s  in to  d i a g r a m s  of th e  e n h a n c e d  
typ e ,  ( s e e  fig . 54)
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so  a s  to  c o r r e c t  th e  d e v ia t io n s  o f  /  ^  i^ |  and  ^
S r o m  th e  F N A L  d a t a ,  w h i le  p r e s e r v i n g  th e  m a x i m a l  e n e r g y  s t a b i l i t y  o f  th e  p h a s e  a s  o b ta in e d  in o u r  G r ib o v  " c "  t r e  
o f  the  un  e n h a n c e d  d i a g r a m s .
W ith  th e  i s o s c a l a r  a m p l i tu d e  c o n s t r u c t e d ,  w e  co u ld  g e n u in e ly  d e s c r i b e  e l a s t i c  . s c a t t e r i n g ,  a n d ,  in  p a r t i c u l a r ,  the  ] 
c r o s s  s e c t io n  and  th e  d ip  p r o b l e m s  in  e l a s t i c  s c a t t e r i n g ,  b u t  s e e  a l s o  (3 7 ,5 3 )  and  f o r  a m o d e l  s e e  (54).
A n o th e r  f e a t u r e  of o u r  c o r r e l a t i o n  m o d i f i e d  m o d e l  i s  t h a t  i t  d o e s  n o t  h a v e  to t r e a t  th e  r e a l  and  i m a g i n a r y  p a r t  of ti
d i f f e r e n t ly  in  o r d e r  to  m o d i fy  th e  r e a l  and  i m a g i n a r y  p a r t  of th e  a m p l i t u d e  d i f f e r e n t ly .  T h u s  th e  c o n s e q u e n c e s  of j 
.m o d i f i c a t i o n 'd u e  to c o r r e l a t i o n  f o r  H C E X  w i l l  b e  o f  i n t e r e s t .  See  f o r  t h o s e  re a c t io z i s  in  p h a s e  m o d i f i .ed  ' '  m o d e l :  
.-as{55) and  E g l i  (5).
T h e  d e s c r i p t i o n  o f  th e  P io n  -N u c le o n  s y s t e m  o v e r  a  w id e  r a n g e  in  e n e r g y  i.  e. Q  ^  ^
and  a r e l a t i v e l y  l a r g e  r a n g e  in  m o m e n tu m  t r a n s f e r  i .  e . ^  | ^ |  ^  ^ ^
sh o u ld  p r o v i d e  t h e . b a s i s  f o r  a u n if ie d  d e s c r i p t i o n  o f  a l l  two b o dy  r e a c t i o n s  c o n n e c te d  v i a  v a r i o u s  s y m m e t r y  s c h e r
F o r  e x a m p l e ,  s e e  (53 ) ,  o n c e  w e  h a v e  o b ta in e d  th e  r e s i d u e s  f o r  P  and  P '  f r o m  I f  "  ^ t h e  ^  f r o m
the  f r o m
one  c a n  l i n k ,  v i a  y ' i  C ^ )  f a c t o r i z a t i o n ,  q u a r k  m o d e l  and  th e  e x p e r i m e n t a l  n e c e s s i t y  to  a c c o u n t  f o r  th e  f a c t  i
P o m e r o n  i s  n o t  a  s i n g le t  ( u s e  ■ d o m i n a n c e  m o d e l ) ,  th e  TTN s y s t e m  w i th  th e  KN s y s t e m
e l a s t i c  NN s c a t t e r i n g  i. e. a l l  r e a c t i o n s  d o m in a te d  by  th e  f iv e  le a d in g  p o l e s .
T h e r e  l i e s  a  v a s t  and  f a s c in a t in g  f i e ld  a h e a d  a nd  m o d e l s  d e v e lo p e d  w ith in  th e  f r a m e  of th e  R e g g e o n  d i a g r a m  tec l in i  
a r e  b e t t e r  s u i t e d  to  e x p l o r e  th e  s y s t e m a t i c s  o f  h a d r o n i c  i n t e r a c t i o n s  th a n  t r a d i t i o n a l  a b s o r p t io n .
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N O R M A L I Z A T IO N  UN IT S ,  T H E  P O M E R O N  A N D  O P A C I T Y  '
W e  e x p r e s s ,  in  o r d e r  to  c o m p a r e  w i t h  t h e  a m p l i t u d e  a n a l y s i s  b y  A m b a t s  e t  a l ,  t h e  r e l a t i v i s t i c  i n v a r i a n t  sc : 
s c a t t e r i n g  a m p l i t u d e  in  th e  c e n t r e  o f  m a s s - s y s t e m  s u c h  t h a t  -
W ith  q * , p *  th e  t h r e e  d i m e n s i o n a l  i n i t i a l  a n d  f i n a l  m o m e n t u m ,  E *  th e  t o t a l  e n e r g y  a n d  G * ' t h e  s c a t t e r i n g  a n g l e ,  
c e n t r e  o f  m a s s - s y s t e m  . S a n d  t  a r e  th e  i n v a r i a n t  t o t a l  e n e r g y  a n d  t r a n s f e r  m o m e n t u m  r e s p e c t i v e l y .
T h e  c i f f e rg n t i .n l  c r 0 3 s - s e c t i o n  in  th e  c e n t r e  o f  m a s s  s y s t e m  r e a d s  -
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w i t h  th e  s o l i d  a n g le  in  t h e  c .  m .  s y s t e m ,  s i  a n d  s 2  a r e  th e  s p i n s  o f  th e  c o l l i d i n g  p a r t i c l e s ,  r e p l a c i n g  t r
i n v a r i a n t  a m p l i t u d e  v/e o b ta i n  t h e  i n v a r i a n t  d i f f e r e n t i a l  c r o s s  s e c t i o n  -
— OlO Z  -
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O u r  n o r m a l i z a t i o n  i s  t h e r e f o r e  N  «  I a n d  in  c o n s e q u e n c e  th e  o p t i c a l  t h e o r e m  r e a d s
w h e r e  th e  u p p e r  r i g h t  h a n d  o i n d i c a t e s  helicity n o n f l ip .  W e  d e c o m p o s e  n o w  th e  e l a s t i c  h e l i c i t y  n o n f l i p  a m p l i t u d e  i 
th e  s t a r s .  W e  d e n o te  th e  e l a s t i c  a m p l i t u d e  by P  ( P o m e r o n ) .  T h u s  v /e  f i n d  -
1  T V - 1 )  -  - À  r
p r o j e c t i n g  o u t  th e  p a r t i a l  w a v e s  a n d  p u t t i n g  c o s .  . 0  = Z  w e  w r i t e  -
,a n d  o b ta i n  w i t h  t l ie  h e l p  o f  t h e  o r t h o g o n a l  r e l a t i o n
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T h is  g iv e s  ^  ”  " '•^ 3 ^  w h ic h  C om p ares w ith  H o h lt r ,  S tra U ss  v a lu e  0^ \ "“ •Ij* tmO^
W ith  su c h  a s m a l l  r e a l  p a r t i t s  p r e s e n c e  Is n e g lig ib le  w h e r e  th e  d if fe r e n t ia l  c r o s s  s e c t io n  in  fo r w a r d  dir<
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and u s e  th e  s m a ll  a n g le  im p a c t  p a r a m e te r  d ic t io n a r y  ( fo r  e la s t ic  s c a t te r in g  9  " g )
4 " '  -------------
 ------------- 0 J o  C ^ / ï ï « J
. ' 'I,
L  . — i  ■
<]
D
t ; w — - >  r ; c a r
th u s w e  c o n v e r t  th e  p a r t ia l  w a v e  su m  in to  an Im p a ct p a r a m e te r  in te g r a l -
_  y - i / f  j
o
-W e I n s e r t th e  P o m e r o n  d ep en d o n eo  on b , w h ic h  w e  k a v e  found a b o v e  su c h  th a t -
fe' I ?  A '
S e  -  %
4  7 ^  A°,|s
m a k in g  u s e  o f  th e  F o u r l e r - B c s s e l  in t e g r a l  a s  b e fo r e  but now  w ith  t? s o  j
r e s u l t s  in  tiie  
P o m e r o n  in / t /  sp a c e
■ —  / t  2
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T h e  la s t  lin e  fo l lo w s  fr o m  th e  o p t ic a l th e o r e m  w h ic h  g iv e s  in  ou r n o r m a liz a t io n  N  = 1 th e  im a g in a r y  p a r t  
am p litu d e  in  fo r w a r d  d ir e c t io n  su c h  th at -
F u r th e r m o r e
A m b a ts  e t  a l ’s  v a lu e  fo r  a l l  a m p litu d e s  a r c  r e p r e s e n t e d  w ith  r e s p e c t  to  T ^  w h ic h  p o s s e s s e s  a t / t /  = o  a  pi 
th e  a m p litu d e  fr o m  T a b le  X X  a t p a g e  1206 in to  th e  c o m p le x  p la n e  one o b ta in s at / t /  = o
m e a s u r e d  in
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